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EXECUnVE SUMMARY 

ConestO'ga-Rovers and Assodates (CRA) was retmned by 
the Ministry of the Environment (MOE) to investigate the old manufactured 
gas plant site in Sarnia, Ont^ario. The investigation was conducted in two 
phases. Phase 1 involved using non-intrusive geophysical methods and 
Phase 2 involved^a drilling and sampling phase to ,ground truth the 
geophysical results. 

The Phase 1 geophysical methods utilized included an 
electromagnetic ^and a magnetometer survey. The Phase 2 activities included 
the completion of nine boreholes on Site^ with four of the boreholes being 
instrumented as obse:rvation wels. Air monitoring and soil sampling was ■ 
conducted during drilling activities. 

Subsequent to drilling activities the four observation 
wells were developed, monitored for water levels .and sampled. 
Groundwater samples were collected for the analyses of general chemistry 
parameters, trace metals, monocylic aromatic hydrocarbons (volatiles)^ 
naphthalene and benzo(a)p'yrene. 

The. Site is generally separated into three geolo:gic units: 
fill; glaciola'Custrine (interbedded peat, sand and clay) deposits; and gladal till 
The fill varies in thickness from, 0.4 to 2.0 metres. The total ■thickness of the 
glaciolacustrine deposits is 2,4 mefres. 'The glacial till acts as a regionally 
extensive confining unit and will inhibit the vertical movement of coal tar. 
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The ,groundwater flow system at the Site is controlled 
primarily by the permeable units within the gladolacus trine deposits and the 
presence of the underlying regional, confinmg gladal till. Based on the results 
of hydraulic monitoring^ groundwater flow in the glaciolacus trine unit 
discharges to Sarnia Bay. The horizontal groundwater velocity was calculated 
to be 0,47 metres /year in glaciolacustrine unit. The txavel time 'for 
groundwater in this umt from the do^wngradient Site boundary to Sarnia Bay 
was calculated to be m the order of 200 to 300i ye,ars. 

Coal tar' NAPL (refers to that portion of co.al tar' whiA is 
not dissolved in groundwater and can be visually identified as a separate an,d 
distinct material) saturated sands were encountered in the glaciolacus tine 
deposits over the southern, two-ftirds of the. Site, 'The cod tar NAPL ■ 
saturated sands extend down to the top of the gladal, till. The distance of 
contaminant movement off Site was not determined. 

Based on current conditions, the coal tar NAPL on. Site is 
covered sufficiently to prevent exposure to the waste through, existing on-Site 
activities. Existi,ng data also indicates that the .air quality above the Site has 
not been affected by th,e presence of coal tar. 

The groundwater in the gladolacustrine deposits on Site 
has been impacted by coal, tar APLCrefers to that portion of coal tar which is 

dissolved in, groundwater and cannot be visually identified as a separate a,n,d 
distinct material). The groundwater in the gladolacustrine deposits is not 

used, as a drinking water supply and,, th,erefore, does not represent a„n existing 
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t'tireat to' human health in this respect. Bedding materials of adjacent service 
lines do not represent a preferred route of ■migration. 

The horizO'ntal extent of the coal tar NAPL off-Site has not 
been determined, however,, is anticipated to be restricted to the immediate 
Yidnity of the Site,. The likelihood of cod tar NAPL from, the Site reaching 
Samia Bay is extremely low. 

It is recommended that the fact of coal tar contamination 

found on Site be registered on the land title and restrictions on fu'ture land 
uses be specified. Notwi'thstanding the foregoing, fut'ure work, induding 
additional boreholes, obs€'rvation wells .and groundwater sampling is 
recommended to be completed on and off the Site, 



■IV- 



TABLE OF CONTENTS 

Page 

IXECUTIVE, SUMMARY........ ....(ii) 

1.0 mTRODUCTION ................................ ..,...„,.,.. .......1 

1.1 BACKGROUND,...,..... ,1 

1.2 SITE fflSTO'RY............... .., .........2 

2.0 PHASE 1 « GEOPHYSICAL S^URVEY .,, ...................................................6 

2.1 MEIHO'DOLOGY ........ „6 

2.2 GEORHYSICAL SURVEY RESULTS.;.,....... „ ...:9 

3.0' PHASE 2 - SUBS'URFACE FIELD ACTIVITIES ......,, ,....,. ...12 

3.1 DRILLMG AND' MONTTO'RD^G WELL INSTALLATION. 12 

3.2 SOIL SAMPLMG 16 

3.3 Am MONITO'RMG ..,..., .16 

3.4 WELL DEVELOPM'ENT............ 17 

3.5 GRO'UNDWATER SAMPLmG ......18 

3.6 WA.STE MATERIAL HANDLING .19 

3.6.1 Son Cutt,mgs..... .....19 

3.6.2 Wa.sh. Water a..nd Development Water............... .........19 

4.0' GEOLOGIC /HYDRO'GEOLOGIC EVALUAIION. ,..,.. .....21 

4.1 REGIONAL SETTMG............... .......................................................21 

4.1.1 .Regiona,! Geology... ...,..,-..-.,.-,.,-,..,,„.,.,.„.„.,. ............. .............. ...21 

4.1.2 Regional. Hydrog'eolO:gy .and Groun.dwater Use ........................................22 

4.2 SITE DESCRIPTION .............22 

4.2.1 S.ite Geology........... .....22 

4..2,2 .Site HydrogeolO'gy.. .......... ..,.., ...........25 

4.3 Extent o.f Visual Contamination ...........................26 

4.4 REVIEW OF SERVICE PLANS........... .27 

4.4.1 Water Street....................... .30 

4.4.2 Maxwell Avenue...,,..,, .............. .................. ....................31 

4.43 Front Street ....,....,..,. ..........32 



-v- 



TABLE O'F CONTENTS 

. Pag e 

5.0 ANALYTICAL RESULTS........................... ............,.....„,..........,.......,.....,..,.......,.,..33 

5.1 DATA VALIDATION..,.,.. ..,.,.,.., ..,.,..„.,„. ....,.........,.,,...=.. ............3,3 

32 WA,STE CHARACTE:RIZATI0,N .„.,..... ., .,...,.,......,... .....................34 

5J GROUNDWATER DATA AND' ASS1SSMENT...,.„..,..,.,.....,..„......,...,..,..,..,...,.35 

S.4 SUMMARY OF RESULTS....,.,.,........,.,....,. .,.,.,...,. .,.,...,.......,..,...,.,.......,.....,...,...39 

5S ENVIRONMENTAL SIGNIHCANCE ..,,. .„....,.. ..,.,...,...„,......„.41 

m RECOMMENDATIONS................. ....,.,.......„ ,...,.,...„.,...,.....,......,...... ......,...,.,.,...,.,.43 



-VI- 



APPENDIX A 

APFEND'DC B' 
APPENDIX C 
APPENDIX D 
APPEND:]:X E 
APFEND',IX F 
APPQ^DDCG 
APPEND'LXH 



LIST OF APPENDICES ' 

GRO'UNDWATER CONDUCHVITY AND MAGNETOMETER 
SURVEY RESULTS 

STRA'TIG'RAPmC AND INSTRUMENTA'TION LOGS 

MANIFEST 

ALLOWABLE SANIT'ARY SEWER DISCHARGE Ri\TE 

MSMW2 WELL LOG 

MQl STORM SEWER SAMPLE RESULTS 

WASTE CHARACTERIZAnON REPORT 

.ANALYTICAL REPORTS 



-vii- 



UST OF nGURES 

Following 

HGURE 1.1 LOCATION PLAN 1 

HGURl 1,2 SITE PLAN 1 

HGURE 2-1 GEOPHYSICAL SURVEY SAkffLING GRID 6 

HGURE Z2 GRO'UND CONDUCTIVITY SURVEY (EM 31) ^ 9 

HGURE 2.3 MAGNETOMETER SURVEY 10 

HGURE 3.1 BO'REHOLE AND OBSERVATION ¥/ELL LOCAnONS 14 

HGURE 4.1 SECTION A-A' 23 

HGURE 4.2 SECTION B-B* 23 

HGURE 4.3 SECTION C-C 24 

HGURE 4.4 TOP' OF BEDROCK CONTOURS 24 

HGURE 4.5 GROUNDWATER CONTO'URS - MAY 5, 1988 25 
HGURE 4.6 APFRO'XIMATE ON-SITE AREAL EXTENT OF SATU'RATED 

COAL TAR, SANDS 27 



LIST OF TABLES 



TABLE 3.1 WELL CONSTRUCTION DETAILS 

TABLE 3.2 HEALTH & SAFE'TY CRITE.RIA 

TABLE 3.3 WELL DEVELOPMENT SUMMARY 

TABLE 3.4 WATER .ANLAYSIS PARAMETER LIST 

TABLE 4 J S'UMMARY OF CONTAMMATION OBSERVED 

IM BOREHOLES 

TABLE 5.1 GENERAL CHEMISTRY 

TABLE 5.2 'TRACE METALS ANALYSIS OF' GROUNDWATER 

TABLE 5.3 VOLATILES AND PAHs 



15 
17 
17 
18 

27 
35 

35 
35 



-Vlll- 



IJi rNTRQPU'CTION 

la BACKGROUND 

Cones toga-RO'ver'S & Assodates (CRA) was retained by the' 
Ministry O'f the Environjiient (MDE) tO' investigate the old manufactured gas 
plant site in Samla, Ontario'. The Site location is presented on Figure 1.1 and 
the Site layout, both historic and cu,rrent, is presented on Figure 1.2. 

The objectives of the investigation were to: 

II detemiine if gasification plant wastes remain on Site; 

W if wastes are on Site, determine their context and distribution; 

3|' if wastes are on Site, determine if there are contaminants off Site or 

po'tential for off-Site migration; and 
# :if wastes are present (on or off Site), determine if there is existing threat 

to human health or the environment. 

To m,'eet the above objectives, the investigation was 

conducted in two phases- 
Phase 1 involved a geophysical survey to determine if 
there were any buried wastes and /or storage vessels remaining at the Site. 
Phase 1 activities are discussed in Section 2.0'. 

Phase 2 involved drilling, soil -sampling, air monitoring, 
observation well installation, well development and groundwater sa.nipling 
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to' ground frutJi the geophysical resulis and to determine the extent of 
gasification plant wastes on Site. Phase 2 acti,vities ■are discussed in 
Section 3.0. 

Section 4.0 presents an evaluation of the 

geologic /hydrog'eoiogic conditions at the Site, and addresses the-exteiit of 

visual contamnation encountered at the Site. 

Section 5.0' presents all the analytical data obtdned during 
the investigation .and an assessment of 'the data. 

Section 6,0 presents recommended additional work 

required, in order to better define Ae U:mits of visual contamination in the, 
vidnity of the Site and data required to com,plete an evaluation of the threat 
to human health or the environment,. 



IJ SITE fflSTORY 

The S^amia Gas Company was incorporated, in, 1880. 

According to records^ production, of manufactured gas for' illumination 
purposes first occu,rred, at the gas works constructed, on M.axwell Street, 
bo'un,ded by Water Street on the east and Front Street and the railway tracks to 
the west, in approximately 1884. Manufactured, gas was produced ,for' 
m,unicipal and domestic consumption un,der the name Sarnia Gas Compa,ny 
until th,e early 1890s,, at which time the com,pany name changed to the Sa„rnia 
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Consumers Gas Company, and ceased In approximately 190i9 under the name 

of the Samia Gas and Electric Light Comp.an:y. 

According tO' the 1913 Fire Insurance Plan for the .area, the 
Samia Gas Works co^nsisted of an iron-dad Coal Shed located on the western 
m.argin of the property adjacent to 'the railway line on Front Street, a single 
Generating House and Purifying House located in 'the cen'tial portion of the 
property an,d two 20,0i0^0 cubic foot telescopic Gas Holders located o^n the 
eastern margin of the property adjacent to Water Str.eet. The 1913 Fire 
Insur,ance Plan refers to an, underground ofl tank on property which, appears 
to be to the north of the Gas Wor,ks.. :South of the Gas Works existed the 
Samia Gas an,d Electric Light Compan,y ele'Ctrical substation. According to 
record, Ms station generated, elertridty from steam, at 60' cycles until 
approximately 1916, at wMch time the S^amla Hydro-Electric Com,mission 
took over the operation of the station, .and converted it to a 2,5 cycle facility 
utilizing elecliid'ty supplied via Niagara Falls and the Ontario Hydro system. 
This station, exists to this da,y and is referred to as Substation No. 1. 

Historic plans obtained from the Sarnia Hydro-Electric 
Commission, subsequent to completing the fi,el,d ,i,nvestigations, concerning 
Substation No. 1, indicate the fo'llowing pertaining to subsurface structures in 
the area of the former Gas Wo^rks property: 

1* No .subsurface tanks or vessels marked on these plans, 

i At one time a lO-inch Box Drain appeared "to run th,rough the 

Substation property and cti'nnected with an, 18-,i,nch Tile Drain along 
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the centreline of Miaxwell Street which subsequently discharged to the 
Si Clair River. This Box Drain app€,ars to have been abandoned or 
otherwise removed some time ago, as the old plans show it as being 
eliminated. It is not' known whether this Box Drain serviced the 
former Gas Works. 

S» A plan of 1935 depicting the S'urface water drain on M^axwell Street 
from Front Sfreet to the St. Clair Mver shows only a tie-in from 

Substation No. 1 to 'the IS-in^ch, Tile Dr,ain, along the centtellne of 
Maxwell S'treet, 

4 The base of a form^CT chimney stack located on the north side of 
SubS'ta'tion No. 1^ against the building', is shown as being 6 feet in 
diameter. It is not kn:Own whether the foundation of this 'Chim,ney 
rem^ains as S'uA. 

•ii A lar'ge 13-foot diameter well is shown as bemg located in the 

southwest corner of the former Gas Works property adjacent to the 
railway line. The former use of 'this well is not known. Evidence of the^ 
weE location was noted d'uring a Site inspe'Ction in J'uly 1988'. 

Additional documentation concerning the operation and 
management of 'the Sam,ia Gas Works is virtuMly non-existent. Any 
documentation wMch may have existed conceming this facility, particularly 
as it relates to oh-site 'Storage, distribution and, byproduct disposal fadli'ties^ 
and off-site byprod,'Uct disposal faciliti,es, has apparently been long-since 
misplaced or destroyed. An, advertisement placed in the Sarnia Observer for 
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the we€:k of Mar^ch 22, 1988, requesti.iig persons 'with any .knowledge of the 
fo:rmer fadlity to contact C'RA,, produced a single response which dealt with 

broad historical matters concerning mainly natural, gas in Sarnia as a whole. 
A former Generd Manager of Sarnia Hydro produced an unsO'licited 
photograph o£ the demolished gas works, taken in approximately 1916, which 
lends support to the claim that the Gas Works was at least parti,ally 
demolished prior to this date. No kno'wn on-site, or off-site, b^yp'toduct 
disposal areas have been identified. 
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U FHASF. t - GEO-PHYSTCAL Sm.VEY 

'The objective of the geophysical, sur'vey was to determ,ine 
if there were .any buried wastes and /or storage vessels remai,mng at' the Sarnia 
Site. A review of the local g'eology as well as past information on th,e Site 
provided by Intera (1987a) assisted m 'the S€lecti;on of the geophysical m,ethods 
'Utilized at the Site. The m,e'thodoIogy' and results of the surveys are outlined 
below- 

M MEIHOro'LOCY 

A 20'-foot (6 mette) interval sample grid spacing was 
es'tablshed 'prior 'to undertaMng the geophysical surveys. Eastings and 
nor'tMngs were assigned to each location,. The perimeter of the grid was 
delineated, by flagging tape for futur'e reference .and the established .grid was 
infilled by pacing. The grid for the geophysical surveys is presented on 
Figure ,2.1. 

The shallow sensing Geonics EM31 electrom_a,gnetic 
instrument was chosen for 'the ten-ain conductivity survey to map the b'ulk 
conductivity of the earth materials to a depth of approximately 4J metres.. 
The electromagnetic (EM) ins'trumen'tation is designed 'to detect terr'ain 
conducti,vity by utilizing a curr'ent flow induced .in the subsurface m,aterials by 
a surface transm,itter. An altem,ating electric current prod'uced in the 
'tr:ans'mitter coil generates ^an. alternating magn,etic field. The magne'tic field 
penetrates the gro'und surface an,d induces current flow th,roug'h, 'the earth 
material,s wMch ,in. turn induces a secondary m,a;gnetic field. The secondary 
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magiietic field sensed at the receiver coO depends O'li, the strength of the 
primary field, current frequency,, dist^ance be'tween transmitter ^and receiver 
coils {fartor considered constant' for the EM31), .and fee presence of a 
conductive body. 'The EM31 is portable permitting data to be collected rapidly 
and continuously as the operator and the instrument m,ove across the land 

s 

surface. 

TTie Geonics EM31 instrument has transmitter and. 
receiver coils separated by a rigid boom 3.6 m,etres in, length. 'The device reads 
in milliSiem,en per metre (mS/m). Generally th,e conductivity obt.ained with 
the EM31 will v^ary smoo'thly from, one region to the ^ other. In some cases, 
however, as for example where a well, defined vertical contact separates a 
poor conductor from a very good co,nductor, edge effert may be seen in which 
the readings v.ary rapidly with position .and are no longer a good in^dicator of 
terrain conductivity. 'This effect is often evident in areas where several 
metallic (ferrous) pipes and /or vessels .are intersected along the line of 
traverse. The EM' al,so suffers loss of detection ability when, the soil's electrical 
conductivity rises above 40i mS/m. This response is ch,aracteristic of soils 
wi.th 'high clay and /or water content. 

The bulk conductivity of the earth materials is i:nfluenced 
by such factors ,as mois'ture content, geological composition, stratigraphy, and 
the presence of contaminants. The EM31 has been used to locate buried 
drums, pipes, cables, cavities and tunnels, as well as in the mapping peat 
thickness and the extent of leachate plumes. 
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Magnetometers can, dso be utilized to detect perturbations 
in the g^eomagnetic field aeated by buried ferromagnetic objects suA as steel 
tanks and pipes. 'The magnetometer can detect buried objects at depths much 
gT'iater than that of a metal, detector. The most common instm,ments 
icurrentiy In 'use are the gTadiometric an,d the proton precession 
magnetometers. The proton precession m,a:gnetometer typically measures the 
magnetic susceptibility of the total field.. That is to say that it is capable of 
sensing both the ¥ertical and horizontal field components. The gradiometric 
magnetom,eter has the advantage in being able to sense the vertical field 
cO'mponent while remaining relatively insensitive to the horizontal field ,. 
com,ponent,. This feature allows the insttument to sense subsurface targets i,n 
the presence of an,thropoge:nic interferences such as steel .fences. 

The magnetometer is portable permitting data to be 
collected rapidly and continuously as the operator an,d, the instrument move 
across the land surface. .In soils with 'minimum interference,, individ'ual steel 
containers, for ex,ample, can e.asily be detected, to a depth of three .metres. No 
prob.lems are evident 'with the ma,gn€tometer survey being conducted, in a 
cohesive soil. Problem could arise 'with the EM in cohesive soils d'ue to the 
'usual high water content and soil inhomogeneity. The McFar ,F!i,D<,gate 
Magnetometer (MAG) is a gr'adiometric magnetometer used i,n the search: 
work at 'the Samia Site. 

The use of two different me'thods concurrently at the Site 
.makes data interpretation easier, par'ticularly under difficult Site conditions. 
Com,par'ison, of data from the two techniques yields more information and, 
confidence in the evaluati,on, of Si'te conditions. The results of the 
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geophysical surveys were used to most appropriately site boreholes during the 
Phase 2 investigations at Samia. 

A computer dded "nearest neighbor" mapping package 
was used to store, manipulate and present the EM: :and M'AG data. The 
nearest neighbor package is the simplest sear'ch method that finds the nearest 

neighboring data point, in an Euclidean (geomeMc) distance sense, regardless 
of their angular distribution around the point being estimated. Thi,s method 
is fast ^and satisfactory if conttol points (instrument readings) .are distributed 

in a comparatively uniform pattern .and is based on the intuitively appealing 
idea that a nearby observation point is a better estimate of the v,alue of a point 
on a surface than a mjore ^distant one, .and that a sm^all number of nearest 
control points provide essentially dl the information that is relevant to the 
estimate. 



2.2 GEOPHYSICAL SURVEY RESULTS 

The EM31 was operated continuously using the inphase 
com:ponent with measurements taken at 6 metre (20 foot) intervals and any 

anomalous readings observed, be'tween stations recorded at their actual, 

substati,on. Readings were t.ak,en 'with the instrument bo'th parallel and 
perpendicular to the line of traverse. The results of the EM-31 survey for 
S^amia are presented in Appendix A. The no:rmalized EM31 survey results 
are presented in Figure 2.2. 
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"ITie average value for 'the parallel and perpendicular 
conductivity readings were used for the data reduction. Background readings 
were taken outside the Site boundary, parallel to Front Street between the 
fence and the railway 'tracks. In disiplaying the EM31 data,, the ratio of the 
surface conductivity tO' the ba'Ckground condurtivity represented in equal 
logari&,mic units, was uid.lized, Dedbel (db) u,ni,ts were multiplied by 20 to 
give convenient whole numbers and were contoured. Ilie "0' db" conto'ur 
outlines background data and a contour intervd, of 2 db portr'ays successive 
factors of about 0.8 above background conductivity. 

■ "The MAG survey w.as conducted on the established grid 
upon, completion of the EM31 survey. The instru,m.ent was operated 
continuously and any anomalous readings observed between stations were 
recorded at their actud substation. The results of the MAG survey are also 
presented in Appendix A and on Figu,re 2.3. An average ba^ckground reading 
of 49001 gammas was determined for 'the MAG s'urvey.. 

'The Site is relatively sm,all and a number of 
anthropo:geni;C sources o:f interference on the two surveys conducted were 
noted. 'The sources of interference induded the fence surrounding 'the Site, 
the electrical fransfo'rmers and overhead power lines, .and the Samia Hydro 
substation. The overhead wires located along the sou'them boundary of the 
Site tend to increase the conductivity ^and ma,gnetometer measurements and 
are characterized aS' linear or elongated featu,res on the respective contour 
maps. 
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A reivifiw of Fi,giires 2.2 and 2.3 indicated that there were 
ieveral potential idrill site locations witHn the fenced boundaries of the Site. 
A r€:¥i,ew of the data indicated that boreholes located along the northern 
boundary of the Site would be representative of background conditions at the 
Site. The linear or elongated results of the EM31 and MAG surveys in this 
.area are atti-ibuted to the chain link fence.. The central portion of the Site was 
ich,aracteri2ed by bo-th magnetic and ground conductivity anomalies and 
represented the area of th,e Site m;0St likely to contain conta,mination and /or 
buri,ed .sfructures, Borehoiles were subsequently sited such fcat a definition of 
the observed tr^ends could be established,. 
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3vO' PHASE 2 - SUB.SURFACT HELD ACnVITIES 

Field activities undertaken during Phase 2 included: 
drilling; soil sampling; observation well installation; well development; and,, 
gj-oundwater sampling. 

The drilling program at the Site was designed to provide 
geologic an,d hydrogeologic data to :groun,d truth the geophysical results and to 
determine the presence .and extent of coal tar cont,am:ination on Site. Local 
stratigTaphy was determined from the borehole logs^ and piezometers were 
installed to determine the groundwater levels .and provide water samp'les for 
chemical analysis. Details of the drilling program conducted at the Site are 
summ,arized below. 



3.1 DRILLMG AND MONITORIN'G WELL INSTALLATION 

The drilling prO'gram for Phase 2 activities was conducted 

between Mar'ch 11,. 19^88 ,and M^ar'ch 14, 198.8 by the drilling division of 
Environmental Systems C.anada (ESC).. All boreholes were advanced using a 
trudc-mounted Mobile B-6'1 drilling machine equipped with 6-578 inch 
(168 mm) internal, diameter (ID)., hollow stem augers. Soil samiples were 
collected continuously to complete depth. Prior to mobilizing to the Site, the 
drill rig and all associated tooling was decontaminated. 

"nie decontamination procedures consisted of a thorough 
steam cleaning of the rig and all associated equipment prior to mobilization 
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onto the Site to remove oil, grease, mud, etc. S'ubsequently, before initiating 
drilling. at each, borehole or observation well location, the augers, cutting bits, 
samplers, drill steel and associated equipment were cle.aiied to prevent cross- 
contamination from, the previous drilling location. The cleaning was 
accomplished by flushing and wiping the components to remove all the 
visible sediments followed by a thorough high pressure wash an:d rinsing. 
The split spoon and continuous sampler were further deaned by a 
methanol /deionized water rinse. All rinse liqmds were containerized for 
future dispO'Sal (s^ee' Section 3.6,2). - 

At each drilling location,, a tempoTary work zone was 
established wi'th 'the dirty work zone being dem^arcated as an exclusion zone. 
Withm the ■exclusion zone, al, work related to soil sampling was carried out 
by personnel equipped with appropriate persond protective equipment (PPE) 
at a minimum level equivalent to USEPA level "C'with the exception that 
half-face respirators were worn only when the working environment 
warranted them (see Sertion 3.3). Establishm,ent of ■the exclusion zone 
induded covering the ground in the immediate area with 3 mil plastic 
sheeting and plywood, on which all work was conducted. 

Real-time air monitoring was conducted using poftable 
photoioniza.tion detector (HSFu), .and_ by an olfactory survey. The meter used 
is sensitive to the volatile components of coM/oil tar induding the aroma tics 
and naphthalene in the 1 ppm range, but is not. spedfic as to which .are 
present. CRA periodically monitored downwind of the Site during the 
drilling operations to determ.i.ne if organic vapors were migrating off-Site. 
Air monitoring conducted at the Site is discussed in Section 3..3. 
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The drilling program commenced in an area assumed to 
be representative of back,ground conditions as defined by the geophysical 
surveys ^and progressed in sequence from, assumed clean to dirtier areas. 
Upon cO'mpletion of each hole, all augers and sampling equipment were 
thoroughly decontaminated. Each s^ampIer was cleaned between samples as 
well. 

As. drilling progressed, the soil samples were visually 

examined by a CRA. geological technologist and dassified according to the 
Unified Soil Classtfication (Wagner, 1957). Soil samples collected were placed 
in glass jars for future reference and/or chemical analysis. Obviously 
contaminated drilling spoils were sequestered and drummed for later 
disposM (see iSection 3.6.1,). The remaining driUing spoils were used as 
backfill. Boreholes which were not instrumented with observation wells 
were ba'Ckfilled to ground surface with cement /bentonite grout 

Nine boreholes in total were completed during the 

subsurface investigation. Drilling was not conducted beyond the fenced 
boundary of the Site. All, drilling locations .are shown on Figure 3.1. The 

bO'reholes were predominantly advanced to a unit of relatively low 
p^ermeability encountered below the peat, unless contamination was 
encountered. One borehole (O'Wl-88) was extended to a depth of 
approximately 9 metres to determine the geology at depth. 

Four boreholes were instrumented as observation wells to 
determine th,e position of the water table, the direction of groundwater flow, 
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and provide water 'dhemistry data. Two 'boreholes, BH4-88 and BH7-8.8 were 
installed in areas di,aracteTized by bO'th EM31 and MAG anomalies located 

ne,ar the centre of the Site. Observation well construction details ai'e 
summarized on Table 3,1. Copies of stratigraphlc and instr''um,entation logs 
for the observation wells are presented in Appendix B. Sfratigraphic logs 
were not generated for the boreholes since 'they were al,l shallow borings, 
however^ a borehole details summ.ary has been compiled and is presented in 
Section 4.3 on Table 4.1. 

. The observation wells were placed through the stem of 
the augers. Well construction materials primarily consisted of 50 mm 
di.ameter threaded flush joint schedule 80' PVC with 50 mm diam,eter #10 slot 
SCTeens. Although PVC has limited resistance to tar' materials, it is suitable in 
short term, moinitoring pro,griams such as the one undertaken in Sarnia- The 
borehole annulus aT'Ound each screen was filled with a graded sand pack to 
approximately 0.6 metres above the top of the well screen., A bentonite pellet 
seal, approxi,mate,ly 0,6 me'tres thick,, was placed above the sand pack. The 
reminder of each well was then backfilled to gT'oun,d surface wi'th, 
cement/ bentonite gr'out. The observation wells were not supplied, with 
protective casings as a„ll wells were completed wi,thin the fenced boundary of 
■the Site,, 

Following completion of the observation wells and 
boreholes^ aU wells and boreholes were surveyed, by CRA personnel for 
horizontal and vertical control. An assum,ed datu,m point at, the top of the 
fire hydrant in front of 404 North Front Street was used as a vertical control. 
The Site was res'urveyed i,n July,, 1988, using a reference datum point located 
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TAB.LE 3.1 



WELL CONSTRUCTION DETAILS 



Well # 


Date 
Completed 


Ground 

Elevaiion 
(m AMSLl 


Top of Pipe 
Elevaiion 
fm) 


Total 
Depth 

(m BGS) 


Screened 


Interval 


Screened 
Unit 


Depth 
(m BGS) 


Elevation 

(m^ AMISL) 


OW1-88 
OW2-88 
OW3-88 
OW5 = 88 


11 Mar 88 
11 Mar 88 
14 Mar 88 
14 Mar 88 


178.53 
178.50 
178,52 
178.60 


179.238 
179.527 
179,436 
178.213 


4.6 
3.1 
3.1 


1.07-1.83 

1.07-1.83 
1.52-3.105 
1.37-2.20 


177.46-1 7S.7C 
1177.43 = 176.67 
177.00-175-47 
177. 23-176. 4C 


silt 
sand/silt 

s and/sill 
:sand 



the south area of the first fire hydrant: locatied on Front Street:, north of 
M.axwell Avenue. 'The reference elevation was promded by the City of 
Sarnia. 



3.2 SOIL SAIyCPLMG 

As discussed in Section 3.1^ soil samples were collected 

conti:nuously to completed depth of all boreholes. Soil samples coUected for 
S'txatigraphic defini,tio:n were placed in predeaned glass jars and transported to 
CRA's warehouse in Waterloo, 0:nt^ario for futur'e reference. Selected 
s^amples, as discussed m Section 5.2, were ch,osen for waste A.aracterization,, to 
con:firm, the ide:nti:ty of the waste,, and were sub:mitt'ed to OceanChem, Group - 
of D.artmouth, Nova Scotia, (OceanChem). 



33 AIR MONITORING ' 

Site bound^ary, exdusion zone breathing space, and auger 
stem air monitoring was conducted during the drilling program, using an 
I©4u meter. 'The 'unit was calibrated d:aily using '64.2 ppm butane calibration 
gas. 

During drilling, air monitoring was conducted 
periodically or when a P,AH odour was noticed. HNu readi:ngs in the auger 
stems and the breathing space within the exclusion zone were monitored and 
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recorded. Criteria for detemiining Ae level of health and safety adhered to 
during drilling is summ,arized on Table 3,2, 

Site bo^undaries were .also monitored to detect any 
migration of aromatics from the Site as a resull of drilling O'peration. No 
noticeable discharges were evident as all readings al,ong the fence lines, were 
considered to be back^grO'Und (ranging from 0.5-L5 ppm,). 



3,4 •WELL DEVELOPMENT 

All observation wells installed during Ms prograin were 

developed to ensure that the hydraulic and chemical data obtained from, each 
well was representative of formation conditions. Developm;ent was 
performed using a top-loading copper bailer attached to a stainless steel leader 
and a length, of ,nylon rope. New nylon rope was used at each well. Prior to 
use in each well, fee bailer was de,aned using a methanol /deionized, water 
rinse. 

A minimum of 'thr'ee well volumes of water was 
rem,oved from each of fee wells or the wells developed until three 
consecutive and consistent read,ings of conductivity and pH were obtained. ,A, 
summ,ary of well development information is presented on Table 3.3. 

All developme,nt water and rinse water was collected and 
containerized in drums on Site for later disposal (see Section 3.6.2). 
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TABLE 3.2 



tffiALTH AND SAFETY CRI,TERIA 









PERSONAL PROTECTrVE 


WORKING 


msTu (1) 


HEALTH AND SAFETY 


EQUIPMENT (PPE) 


ENVIRONMENT 


READING 


LEVIL 


REQUIRED (2) 


No' Hazards 


1.0-5.0' 


Level D 


! 

Co'Veralls, cottO'n glO'Ves, hard 






- intermittent air 


hat,, st'eel toe work bools 






monitoring 




Suspected, UnJ«.,riowii 


5.045.0 


Level C 


Tyv'ek coveralls, latex 


Hazards 




- inle,rmittent air 


surgi.cal gloves,, nytrel butel 






nnoratoring 


gloves, half face respi,rator 


' 






com,plete with add gases & 








organic vapour cartridges 


Kno'wn Hazards 


>15 


Level B 


Saranex coveralls, inner 






- contmuous 'personal air 


latex glovc:s, outer nytrel 






monito'iing 


butyl gloves taped to 
coveralls, full face respirator 








with supplied breaching air 








(5CBA), hard hat, steel 








toe work boots 



Notes: 



(1) Msfu reading :mea,sured in breathing space 

(2) ,Health and Safety protocols developed by and utilized by CIA 



r 



TABLE 3.3 



'WILL DEVELOPMENT SUMMARY 







Three Well 








Well No. 


Date Develo'ped 


Volumes 


Volume Purged, 


pH 


Conductivity 






(liters) 


(liters) 




(umhos/cm) 


OWl-88 


3/23/M 


j 


17 


6.74 


1170 


■ 




1 




6.83 


1160 






! 




7.18 


1150 






1 


|i 


6,92 


1150 


OW2-88 


3/B/88 


3.5 


28 


7.05 
7.03 


1140 ■ 
1020 








1 


7.01 


1010 










7.02 


1010 










7.06 


1000 


OW3=88 


3/B/88 


73 


20 


7.04 
6.95 . 


910 

950 










6.99 


980 










7.01 


10301 






, 




6.90 


1050 


OW5-88 


3/23/88 


7 


21 


6.97 
6.96 


1600 
1560 


( 




1 'i 

1: 




6.99 


1540 


■i 








6.97 


1550 



3.5 GROUNDWATER SAMFLMG 

Subsequent to the cO'mpletioii of well developm,ent 
acti,¥ities,, a complete set of ^groundwater samples were collected from the 
ob'Servatfon wells on MarA 23, 1988. Groundwater samples were collected 
'with 'the bailer U'tilized for well development. Subse-quent to well 
develop'ment and p'rior to sample collec'tion, the bailer 'was deaned using a 
methanol /deionized water rinse. A blind duplicate sample was also coUerted 
to pro'vide quality control on 'the sampling program. 

Groundwater samples were collected for 'the analyses of 
'those parameters summarized on Table 3.4. Samples were generally poured 
directly from the bailer into the appropriate sample container. Samples for 
metals andysis were .field filtered 'using a 0.45 micron fil'ter (millipore aseptic 
or equivalent) prior 'to transfer to the sample container. Sample containers 
for met.al,s and 'thiocyanate an,alyses were preserved wth H*403 Cto pH <2) 
and NaO'H (to 'pH >12), respectively. The sample containers were then packed 
on ice for storage an,d ship'ped to 'the appropriate laboratory (see Table 3'. 4) for 
analyses. Througho'Ut sample collection and shipping, chain-of-custody 
proceduT'es were employed. 

D'uring the sam'ple collection from 0'W3-88, an odour 
similar to that associated with pesticides 'was noted by CRA sampling 
person'nel. An additional groundwater sample was, therefore, collected 'to 
accommodate pesticide analysis, if required. It was subsequentiy determined. 
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TABLE 3.4 
WATER ANALYSIS PARAMETER LIST 



PH (field) 



Calcium (Beak) 
Magnesium (Beak) 

Sodium (Beak) 
Potassium (Beak) 



Trace metals (Beak) by DCP scan: M, Ba, Be, Cd, Cr, Co, Cu, Fe, Th, Mn, Mo, Ni, Sr,, V, Zn 



Alkalinity (CRA) 

Bicirbonate CCRA) 

Sulfate (CRA) 

Sulfite (CRA) 

CWoddt (CRA) 

Thiocyanate (CRA) 

Ammonium (CRA) 

TKN (CRA.) 
' COD (CRA) 
TOC (B-eak) 
Phenols (CRA) 



Volatilts (Novalab): moinocylic aromatic hydrocarbons which include benzene, toluene, xylenes, ethylbenzene 

PAHs (Novalabj: naphthalene, ben2o(a)pyrene 



through discussiO'ns with CRA, .and MOE,. that this sample be submitted to 
Novalab for pesticide/PCB' analysis. 



3.6 WASTE MATERIAL HANDLIN'G 
3.6.1 Soil Cuttings 

D'uring drilling, visually contaminated drilling spoils^ 
personnel protection equipment and any wastes generated as a result of 
drilling activities, were sequestered and drummed.. The drummed waste was 
stored on fee Sam,ia Hydro Site, within the fenced endosure and was further 
delineated wth caution tape. .All drum Ids were sc'Curely fastened. 

On July 13,. 198B,. under the supervision of CRA. personnel, 
a total of seven 45-giallon (206-litTe) drums containing wastes^, were loaded 
onto a flatbed trailer for off-Site di.sposal at Tricil Ltd. in Carunna, Ontario. A 
copy of the MOE ma.m.fest .for the wastes is presented in Appendix C 



3.6,2 Wash Water and Development Water 

All wash waters and development waters generated 
duri.ng the Site investigations, were collected and drummed. The drum_med 
waters, approximately 615 litres (135 gallons) were stored on Site^ with the soil 

^cutt.ings, as discussed in Section 3,6.1. 
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■ According to the M'Ol guidelines^ "Management of Waste 
Contaminated Soils at Abaindoned Coal Gasification Sites", water collected 
from coal tar waste sites may be dis A^arged to munldpal sanitary sewers 
provided disch,arge reqiurements are met Beiiz:o(a)pyrene (B^AP) is the 
recommended indicator parameter for calculating discharge reqiiirements of 
■the waters. Th.e maximum aUowable concentration of BAP discharged to the 
samtary sewer from coal gasification sites is required to be calculated to ensure 
that the additional, inCTemental concentration of BAP in sewage treatment 
plant effluent is not increased by more 'than 10 ppt (0.01 ug/L).. 

B'Ssed on the MOE guideline, the maximum, discharge rate 
of fee waters to the sanitary sewer was calculated to be 305 lifres per minute 
(see Appendix D). The disAarge rate was calcul,ated, based on an average 
sewage ■treatm,ent plan,t flow rate of 11,000,000 ,gpd, (34,757 litre/min),, 
solubility li,mi,t of BAP in, water O'f 3.8 ug/L .and a treatm,ent plant removal 
effidency for B,AP' of 70 percent.. 

Ba,sed on 'the total volume of waters at the Site (615 litres),, 
and Ae disA^arge rate of 305 ,li,tre/min., Ae discharge of water was c,al'Cu,lated 
to require a minimum disch,arge period of two minutes. Upon, review of the^ 
dis-charge flow rates discussed above, the City of Sarnia's City Engineer, 
approved discharge of the waters to the sewers. 

On July 13, 1988, the total, volume of waters on Site 
(615 litTes) were discharged to the second sanitary m,an,hole on Water Street 
north of M'axwell Avenue. 'The waters were disch,arged over a total tim,e 
period of approximately 20 minutes, thereby satisfying the MOE, guidelines. 
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4.0 GEDLOGiaHYDROGEOLO'GTClVALUATIDN 



41 REGIONAL SETTMG 



41.1 RegiO'iial Geology 

If 

'The former coal, gasificatioii plant at S^arnia is located in 

the Huron Fringe Physiographic reigion (Chapman and Putman, 1966). The 
regi;on is 'diaracteriz-ed by the wave cut terr'aces- of glacial Lake Algonquin and 
the subsequent Lake Nipissing. Th,e surfldal m,ateri:als are prim,arily 
gladolacustrine deposits laid down as shoreline .and near shoreline deposits, 
"niese materials consist of a mixture of sand, silt,, and minor gravel. 

The glaciolacustrine deposits are underlain by the St, 
Joseph TiU., a .dayey silt till. In m.any areas the till unit is underlain by a 
coarse san.d and gravel unit. This unit is thin, generally less than 
three metres. 

The total thickness of the gla.cial overburden at S.arnia 
vari.es from, 33 to 37 m,etres. The uppermost be'drock unit in the areia is the 
Devoni.an Kettle Point FO'rmati;On.. This fd:rmation is a d.ark brown to black, 
bituminous shale^ with occasional interbeds of gr.een shale. 
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4.1.2 Regional Hydrogeology and Groiiiidw'ate.r Use 

The major regional aquifer in the Samia area is termed 
'the Freshwater Aquifer. It is made of a poorly sorted s^and and ,gr'avel unit 
located at the bedrock contact. The aquifer is confined by ■the overlying St. 

Joseph Till. Groundwater flow within the Freshwater Aquifer is westerly 
towards S^amia Bay located .along the St. Clair River. The estimated depth to 
the Freshwater Aquifer at 'the former gasification plant is- 45 metres below 
ground surface, 

'The groundwater is not utilized as a source of supply in 
the immediate vicinity of the Site, The dosest known, supply wells are 
located 2 ,km north of the Site at the Samia Golf Club. The water well records 

indicate that three wells have been completed at the golf course, one in the 

bedrock and the two in the glacial, overb'urden to a depth, of ten metres. There 
is no indicati,on as^ to whiA well is currently in used, at the golf co'urse 
.although the availability of ^groundwater in the glaciolacus trine units is 
unk,n0'Wn. Th,e water from 'the well is used for watering the golf course. 



42:, SITE DESCKIFnDN 



4.2.1 Site Geology 



The following description of th,e Site geology is 
interpreted from boreholes drilled during this study. 'The Site geol,ogy can 
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generally be separ'ated intO' th,ree major units based upon 'the regional, geology 
presented earlier. These u,mts are: 

1) Fill; 

2) Glaciolacusfrine deposits consisting of mierbedded peat, sand and day; 
and 

3) Glacial, till. 

The distribution of the stratigraphic units at the Site are 
shown on two cross-sections pTesented on, Fi,gu,res 4.1 .and 4,.,2,. The locations 
of the cross-sections are' shown, previously on Figure 3.1. The various 
siTatigrapMc ■units are desmbed below. 



Fill 



Hie upperm,ost unit aCTOiSS the entire Site is fill. The fill 
consists for the m,ost p,art of fine sand which originated from a nearby 
foundry,. The fill varies in thickness from 0.4 to 2,0 metres. The thickest fill 
deposits encoun,tered were along the southeast m,argi,ns of the Site near BH6- 
88. and BH7-88. 

Gladolacustrine Deposits 

The glaciolacus trine deposits at the Site consists of a series 
of beds of peat, sand, silt and clay. The total 'tiiickness of the glaciolacus'trine 
units was determined to be 2.4 metres. Previous stadies conducted by CRA, 
approximately 215 m,etres south of the Site, indicated the 'thickness of the 
gladolacu,S'trine deposits were o,n the order of 7.4 m,etres. Intera ('1987b) 
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reporfe' the thickness of the gladolacustrine deposits on the order of 9.1 m 
thi,ck at MSMW2-87 located adjacent to Samia Bay. .An, extended cross-section, 
from tiie Site to the location of MSMW2-87 is presented on Figtire 4.3. A copy 
of &€ stratigrapMc and instrumentation log for M'SMW2-87 is presented in 
Appendix 1. 

The upper bed of the gladolacustrine deposits consist of 
peat or sand. The peat bed is found at Ae centr'e of the Site, generally 
trending northeast to southweS't. The areal extent and thickness of the peat 
deposit is preisented in Figure 4.4. Tlie peat is amorphous and compact, and 
ranges in 'diiickness from, 0.4 to 0.8 metres.. The peat bed is underlain by a bed 
of sand and silt. 'This bed varies in thickness from, 0.2 to 1.4 metres. 

, Where th,e peat was absent,, a san,d um,t was encountered 
beneath the ,filL At the northwest comer of the Site, 'the sand unit was well 
graded and wet. At the southeast comer, however, 'the sand unit 'was siltier 
and p'OOrly graded. The thickness of the fill overlying the sand at BH6-88 and 
BH7-88 (see Table 3.3) m,ay be indicati've of excavation of th,e peat d'uring the 
construction or decommissioning of the former gasification pl.ant. 

Gladal Till 

A silt till was encoun,tered benea'th the sand at six 
boreholes. The till was encountered at a depth of 1.5 metres below ground, 

S'ur,face at O'Wl-88 and, OW2-88 loca'ted along the northern perimeter of the 
Site. Th,e 'till was e^ncountered at a depth of approximately 2.3 m,e'tres in the 
remM,ni,ng boreholes. The till is iden'tified as extending to a depth of 45.1 m, 
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below ,groimd surface at MSMW2-87 (Intera, 1987b). The tiU is characterized 
as being grey/browit .and stiff, containing occasional silt partings. This till is 
the St. Joseph Till,, referrtd to earier^ .and arts as a re'gionally extensive 
confining unit. 



4.2.2 Site HydrogeologY 

The groundwater flow, system, at the Site is controlled 
primaril,y by the perm,€able units wi'thin, the giadolaciistrine deposits and the 
presence of the regional con„finlng unit,, the St. Joseph Till. 

lTi,e hydrogeologi,cal investigation at the Site is limited to 
the glaciolacustrine deposits,. 'This u„ni,t w,as ,fai,rly unifO'rm acro,ss the Site^ 
sho'wing minor textaral variation. A representative hydraulic conductivity 
of this unit would be in 'the order of 10-4 cm/sec. 

Based on 'the res'ults of the hydraulic mo,nitoring^ water 
table contours .for May 5, 1988 h,,ave bee,n prep.ared and are illustrated on 
Figure 4.5., E,xamination, of this figure indicates that the horizontial flow in 
tMs unit is in a westerly directi,on towards Samia Bay. The elevation, 
(approximately 176 m ,AMSL) of Samia Bay indicates groundwater flow in the 
giadola'Cusfrine unit discharges to the river. 

Based on the water table contours presented on. Figure 4.4, 
the horizontal gradient across the Site is approximately Oi.004. Using this 
gradient, a .representative hyd,raulic conductivity of 1 ,x 10'4 cm /sec and a 
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porosity of 0'.3, a horizontal, groundwater velocity of 0.47 metres /year is 
calculated for the Site. The western bounidary is approximately 125 metres 
(shortest distance) from S.arraa Bay (see' Figure 43). Based on the above 
informatioin, the 'travel time for groundwater in the glaciola'Custrine deposits 
from the do-wngradient Site bound^ary to Sarnia Bay is in the order of 200' to 
300 ye,ars. 

The St. Joseph Till was not investigated during this study. 
However, the hydraulic conductivity for this dayey silt til is expected to 
approach 10"'B cm /sec. With tH,s low hydraulic conductivity,, the St. Joseph 
TE! represents 'the base of the active groundwater fl,ow system benea'th the 
Site, 



4.3 EXTENT O'F VISUAL CO'NTAMmATION 

A de'nse, non-aqueous phase liquid (NAP'L) was 
intersected in, six: of the nine borings completed, B'ased on the waste 
characterization performe'd by Ocean Chem, the NAPL has been sho'wn, tO' 
consist pre'dominantly of coal tar wMch contdns PAHs (see Section 5.2). 
Therefore, for purposes of this report, the following definitions are used': 

f) Non-Aqueous Phase Liquid '(NAPL) - refers to that portion of the coal 
tar which is not dissolved in groundwater .and can be visually 
identified as a separate and distinrt material,. 
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..11} Aqueous Phase Liquid '(NAPL) - refers tO' that portion o.f the coal tar 

wM'di is dissolved in grO''und.water .and cannot be visually identified as. 

a separate and distinct' material,. 

Co.al tar typically has a relative density of between 1.2 .and 
U and a viscosity approaching 130 centi,pois€.. Cosd tar is approximately 
30'' percent more viscous than water. Resul,ts of the dr'illing program indicate 
that coal tar NAPL is present in the sand bed of the Glaciolacusb*in.e deposits 
that overly Ae St, Joseph Till. The St. Joseph Till has restricted the visible 
dO'Wnw.ar'd mi,gration of co.al tar NAPL.. Coal tar , more dense than 
groundwater 'will migrate under the influence of gr'avity following the path 
of least resistance. 

Coal tar NAPL saturated san,ds cover the so'uthern two 
thirds of ttie Site an.d it can be reasonably assumed, although, not- confirmed 
within, the scope of th.is .investigation,, that coal tar NAPL saturated sands'^ 
extend off S.i.te in a .sou'th.erly and 'westerly .direction. Fig'ui'e 4.6 illusfrates 'the 
identified areal extent of coal tar .NAPL saturated s^ands i.ntersected. in the 
borings. Table 4.1 ,summ..ariz.es the extent of coal tar .N.AP'L obse'rved in all,. 
boreholes completed. 



44 REVIEW OF SERVICE PLANS 

A review was conducted of all available service plans 
along Water Str^eet, Maxwell Aven'ue .and Front Str'eet in the vicinity of the 
former Samia Coal Gasification Plant. These p.l,ans were made ava„ilable to 
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TABLE 4.1 

SUMMARY OF CONTAMINATION 
OBSERVED IN BOREHOLES 





Groiii"d 












Borehole 


Surface 


Total 


Degree of 




S'trarigFaphic 




Number 


Elevation 
Cm AMSL) 


Depth 
Cm BGS)„ 


Contammalion 




Descripllon (1) 
(Depths in mBGS) 


Comments (2) 


OWl-88 


178.53 


9.10 


■od,0'U;rless 

nO' visible 

contamiination 


O'jO-OJ 
0.5-1.3 
1.3-1.5 
L5-4,.6 
4.6-9.1 


SM»ML SAND (Fill) 

FF-PEAT 

OL=SILT 

CL-ML SILT (Till) 

ML-CL SILT, CLAY 


Hnu (BS): < 1 ppm 


OW2-88 


178.50 


4M 


odourless 
no visible 


O.O^OJ 
0.8-1.5 


SM SAND (Fill) " 
SM SAND 










contamination 


1.5-4.6 


ML SILT (Till) 


Hnu (BS): < 1 ppm 


OW3~88 


178.52 


3.10 


odourless sheen 
lodourlcss 


0.0-0.5 

0..54.1 


SM SAND (Fill) 
OL PEAT (Fill) 










gross oont. 


■ 1.1-2.3 


SAND 


Hnu (A): 30 ppm (3) 








slight odour 


2.3=3.1 


ML SILT (Till) 


Hnu (BS): 1 ppm 


BH4-88 


178.74 


3.10'. 


odourless 
odourless 


0.0-0.5 

0l5^J 


SM SAND (Fill) 
OLPEAT 










gross coiit 


0.9-2.3 


SM' SAND 


Hnu (A): 20 ppm 








slight odoyr 


23-M 


ML SILT (Till) 




OW5-88 


178.60 


3.10 


odourless 
slighl: odour 


0.0-0.5 
0.5-1.3 


SM SAND (Fill) 

'PTPEAT 










,gross cont. 


13=2.3 


SM, SAND 


Hnu (A): 25' ppm. 








slight odour 


2.3-3.1 


ML SILT (Till) 

continued . 





TABLE 4.1 

SUMMARY OF CONTAMINATION 
OBSERVED IN BOREHOLES' 



Boriehole 
Number 


Ground 

Surface 
Elevatio'ii 
Cm AM,SU 


Total 
Depth 

(m BGS) 


Degree of 
Con ta mi nation 




Silratigraphic 

Description (1) 

CDeplhs in m BGS) 


Comments (2) 


iH6=88 


178.62 


IJO. 


slight odour 
gross cont. 


OjM.8 
at 1.8: 


ML SILT (Fill) 

SM SAND 


Hnu (A): 2.5 ppm (4) 
Hnu (BS): 1 ppm 

HnyCA): 25 ppm 
Hnu (BS): 5 ppm 


BH7-88 


178.53 


mm 


slight odour 
gross cont. 


Oj0^2.O 
at2j0: 


ML SILT (Fill) 
SM SAND 


Hnu (A): 22 ppm 

Hnu CBS): 2.5 ppm 


BH8=88 


178.77 


ZM 


sliighl odO'Or 
gross coml. 


0.0-0.9 
0.9-2.0 


ML SILT 
SM SAND 


Hnu (A): 25 ppm 
Hnu CBS): 2.5 ppm 


BH9-88 


178,6 


l.» 


slight odour 

odourless 
odour 

odoyrl^s 


0.0-0.4 
0.4-1.1 
lJ-2.4 

2.4-2.6 


SM SAND (Fill) 
FT PEAT 
SM SAND 
ML SILT (Till) 


Hnu (A): <1 ppm 



NotK: (1) Based on- Unified Soil Classification System 

(2) Hnu (A) ~ represents Hnu reading taken in the augers 

Hnu CBS) - represents Hnu reading taken in the breathing space 

(3) Both Hnu readings taken between depths of 1.1 - 2,3 m bgs 

(4) First two Hnu readings taken between depths of 0.0 - 1.8 m bgs 

Socond two Hnu readings taken at depth of 1.8 m bgs 



C:RA by ■the City of Samia. 'The re'view was condurted to deterinine the 
physical relationship between the services and the potential mi,gration of coal 
tar NAPL and /or APL off Site. 

Hie service plans along Water Street, Maxwell Avenue 
and Front Stree't were reviewed for alignment and elevation. Those services 

with invert elevations less th.an or equal to the elevation of C0'.al tar NAPL 
saturated sands .and /or the static water level on Site, were considered to 
represent potential pathways for the migration of coal, tar NAPL and/or APL. 
Such services were then considered and assessed for the following: 

1) infilfration of coal, tar NAPL and/or APL into service conduit (pipe); .and 

2) preferT'cd routes of coal, tar NAP'L an,d/or ,APL migration along service 
bedding m,aterial„ 

Stoirm and ,sanitary sewers, in the vicinity of the Site, are 

gravity lines. 'Therefore, when ,i,nstialled below the static water level, the 
potential for groundwater i,nilltrati,o,n into the pipes exist. Conversely, 
watermains are forcemmns, operating under positi,ve pressure and leakage, if 
any, will be in th,e form of exfiltration of water from the pipe. 'Th,erefore, the 
po^tential for coal tar NAPL an,d/or APL migration in, the ,form of infiltration 
into se:rvice lines is assessed only ,for storm an,d sanitary sewers. 

As discussed in. Section 4.3, coal tar NAPL will migrate 
under the in,fluence of gravity followi,ng the path of least resistance. The path 
of least resistance can be considered as .the most permeable material in contact 
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with the NAPL. It is, therefore, necessary to compare 'the hydraulic 
conductivity of the beddmg materiM for the services to that of the coal tar 
NAPL saturated sands on Site, A representative hydraulic condurtivity for 
the sands on Site is 10"^ cm /sec. The hydraulic conductivity of compacted 
graii,ular bedding materials is typically in the range of 10"3' cm, /sec to 
10'4 ^cmysec. Therefore, although 'there is a potentid for coal tar' NAPL 
and /or APL to migrate .along the service bedding material, the material is not 
anticipated to act as a preferred route of mi,gration. 

On June 9, 1987, water and sediment samples were 
collected by the M:OE from four locations along the Water Street, Max'well 
Avenue and Front Street storm seweTS (s^ee Figure 1, Appendix F). The Water 
Stteet storm sewer disAarges to the Maxwell Ave'nue storm se'wer on Front 
Sfreet. The Front Street sto.rm sewer drains to th;e south ^and ultim,ately 
discharges to Samia Bay at 'the foot of Londo'n Road. Samples were collected 
from the following locations: 

Station 1: M^anhole at the corner of Front Street and Maxwell Avenue'- 
15 -inch drain 

Station 2: Manhole at the corner of Front Street and Maxwell Aven'ue- 
30-inch drain... 

Station 3': Manhole at 'the corner of Maxwell Avenue and Water Street- 

24-inch drain. 
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Station 4: Manhole along Water Street located upstream of the old 
maii:ufactured gas plant sit'e-24 ui'Ch ,0 drain. 

During sample collection, no apparent ¥isual or olfactory 
evidence of coal tar wastes were observed. An oily t3^e sheen, however, was 
observed on the surface of the water after the sediment sample was collected 
(i.e. disturbed). Due to this obse'rvation ■the water ^and sedim,ent samples 
collected from, the four stations were submitted to the MOE laboratory in 
Toronto for analyses. 

The an.alytical. res'ults for the s^amples are presented in 
Appendix F. A review of the results indicates that none of the parameters 
detected in., the sto^rm sewer water and sediment sam,ples wei'e detected, in the 
.ground wat'er samples collectied as part of this investigation (see :Section 5,3) » 



4.4.1 Water Street ,., ■■ 

Water Sfreet is located to the east of the Site. Coal tar 
NAPL was encountered in BH6~88 and BH7-88 at an elevation, sim,ilar to the 
inverts of the existing 610 mm storm sewer situated along Water Str'eet. Tlie 
grade of this stonn sewer is O'.Il percent to the sO'Uth ,and disAarges to the 
storm sewer on Maxwell Ave,nue., The storm sewer located, along Water 
S:treet is situated cross-gradient to the Site. Therefore, there Is no potential for 
APL migration from below the Site to 'the se,rvices on Water Sfreet. Th,ere is a 
potential, however, for NAP'L migration from below the Site to the storm 
sewer. 
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During a Site visit on July 13, 1988, it was noted ttiat the 

City of S^amia^ Public Works Department, had excavated a portion of Water 
Street, directly acr'oss from the southern mO'St gate to the Site. The excavation 
was approximately 2.6 mefres deep ■and exposed 203 mm (8-inch) diameter 
watermmn and the 61 0' mm, (24-inch) diameter storm, sewer. Th,e bedding of 
the storm sewer was also exposed an,d no visual or olfactory evidence of coal 
tar NAPL was noted. 

A recently constnicted foun,d,ati,on, approxi„mately 2.5 tO' 
3.0 m,etres deep was MsO' noted during the Site visit,. The foundation was 
constructed on the northeast comer of Water Street and .Maxwell Avenue. 
An inspection of the stockpiled, soils adjacent to the foundation did not reveal 
any visual or olfactO'ry evidence of coal tar NAPL. 

Based on the site observation, the services along Water 
Street have not had an affect on or been affected, by, the coal tar NAPL 
saturated sands on Site. 



4.4.2 Maxwell . ,A venue 

Maxwell Avenue ,is located approximately 35 m.etres 
south of and downgradient of the Site. The depth at which coat tar NAPL, was 
encountered .al,ong the southern boundary of the Site was at similar 
elevations to the invert elevations of the 762 mm storm sewer and 254 m,m 
sanita„ry sewer located along Maxwell Avenue. Therefore, th,e potential exists 
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for both coal tar' APL and NAPl migration fir'om below the Site to the sewers 
.along Maxwell Avenue. However, as was discussed previously in Action 4.4, 
the storm sewers along Water Street, Maxwell Avenue and Front Street did, 
not exhibit evidence of coal, tar wastes. 



4.43 Front Street 

Front Street is located approxi,mately 25 m,etres west of 
and dO'Wngradient of the Site. ,A rdlway Hne ,is located between Front Street 
and the Site. Coal, t,ar N,APL was encoun,tered in OW3-88 an,d OW5~88 at an 
elevation, similar to that of the 457 mm sto:rm, sewer and above that of the 
1066 mm sanitary sewer located along Front Street. There,fore, the potential 
exists for both cO'eI tar APL .and NAPL migration from below the Site to the 
sewers along Front Sfreet. However, as was dis^cussed previously in. 
Section, 4.4, the storm sewers along Water Street, M'axwell Avenue and Front 
Street did not e,xh.ibit evidence of coal tar wastes. 
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S.0 ANALYTICAL RESULTS 

As discussed in Sections 3.2 and 3.5, soil and ^groundwater 
samples were collected for chemical, analyses, "nie analytical results for the 
soil and groundwater sam,ples .are presented and assessed in the following 
subsections.. 



5.1 DATA VALIDATnON 

The following details an, analytical, data assessment .and 
validation of the res'ul,ts obtained by the fom* anMytical laboratories involved 
for the analytical samples collected at the SaxTda Site. 

'The eval,uation of the analytical, data was based o,n the 
infO'rm,ation, provided in the report package supplied by the contract 
laboratories involved, including: field duplicate data, lab blank data, field 
blank data, as well as recovery data from m,atrix and S'urrogate spikes. The 
.analytical data was assessed for consistency, accuracy an,d predsion based on 
the review of the recovery data as weU, as the comparability of the dupiicate 
analysis. 

Four laboratories were involved in the analysis of the 

Ingersoli sam,ples:. Noval,ab Ltd., Lachine, Quebec, was responsible for the 
organic analyses. Beak Analytical Se'rvices, Brampton performed the metals 
analyses; OceanChem Group, Dartm,outh, N.S. provided the organic 
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characterization /dassification; and Conestoga-Ro'vers & Assodates analyzed 
the samples for th,e gTOundwater quality indicator parameter's. 

B.ased on CRA's review of the data reported by Novalab 
for the organi,cs .and by Beak Analytical Services for the metals .analyses, it is 
appar'ent that the data assodated with th.e anal,ys€s of the samples .are 
acceptable, accur'ate and complete with, the exceptions noted in Section 5.3, 
Consequently, this data may be used for its. original intended purpose. 



„Sa WASTE CHARACTEMZATION 

Two soil samples were selected and submitted to 

O'CeanChem for waste characterization. O'ceanChem's analytical report is 
presented in Appendix G. 

One sample was collected from BH4-88 at a depth of 
approximately 1.8 meters and the second sample was collected from 0'W5-88 
at a depth of approximately 2.1 met'ers. Both Samples were selected from 
areas of obvious coal tar saturated s.ands. 

Both samples were characteri,zed by capilla:ry gas 
chromatography, with flame ionization detection. OceanChem, reported that 
a high degree of overall similarity was obse:rved in both samples. The 
majority of components in both samples appear to be arom.atic hydrocarbons 
(most likely both dkylated .and non-alkylated polynuclear aromatic 
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kydrocajboins (PAHs). Thirteen major components were observed in both 
samples with retention times within +■/- one percent 

It can be concluded, therefore, that both samples contain a 
m_ajority of PAHs .and most likely originate from a common source. Since the 
wastes contain primarily PAHs, it is confirmed 'that the waste present below 
the Site, is^ coal, tar. 



53 GRO'UNDWA'TE.R DATA AND ASSESSMENT 

A. complete set of groundwater samples were collected 
from, the observation wells ■and were analyzed for the parameters 
summarized previously on Table 3.4. One s.ample collected from OW3-88 was 
also anMyzed for pestiddes/PCBs. 

'The complete analytical reports are presented in 
Appendix H. The andytical data for general chemistry, trace metals and 
organics (volatiles and PAHs) ■are summarized on Tables 5.1, 5.2 and 53, 
respectively. The .analytical data for the pesticides /PCBs are not summarized 
on a table since all parameters were below detection limits (see Appendix H). 

As illustrated on Figure 4.5, presented previously, 
obse:rvation wells OWl-88 and 0'W2-88 are upgradient of the old 
manufactured gas plant Site. No visual or olfactory evidence of 
contamination was detected in ei'ther of these wells (see Table 4.1). These two 
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TABLE 5,1 
GENERAL CHEMISTRY 



Paiameter 


Concentration (mg/L) (1) | 
















Drinking 




OiWI'88 


OW2^88 


OW3='88 


0'W3-88 


OW5-88 


Trip 


Water 


pH 








IDup.) 




Blank 


Guidelines 


6.91 


6.97 


6.96 


6.97 


6.89 


7.99 


6.5-8.5 


Alkalinily 


483 


403 


3 76 


382 


7 94 


<2.0 


- 


Bicarb. Allk. 


4 83 


4 03 


376 


382- 


794 


<2.0 


- 


Calcium 


196 


188 


204 


200 


285 


<1.0 


; 


Calcium (Beak) 


174 


166 


2 00 


200 


200 


<0.5 


- 


Chloride 


38.0 


16.0 


12.0 


11.0 


24.0 


■ <1.0 


250* 


COD 


226.0 


502.0 


269.0 


326.0 


1419.0 


<5.0 


- 


,NH3'N 


0.67 


<0.02 


0.57 


1.09 


1.02 


0.05 


- 


TKN 


4.86 


10.47 


4.4 3 


4.74 


9,16 


0.28 


0.15* (2) 


Phenols 


0.022 


0.011 


0.012 


0.004 


0.054 


<0.001 


0.002* 


Potassium: (Beak) 


5.7 


4.0 


5.5 


5.5 


9.9 


<0.05 


- 


Sodium (Beak) 


38 


28 


12.5 


12.5 


26 


<0.5 


- 


Sulfale 


145.0 


61.0 


268.0 


274.0 


187.0 


<1 .0 


500* 


TOG (Beak) 


12.5 


2.5 


18.5 


19.0 


27.0 


<0.5 


5.0* 


Thiiocyanate 


2.60 


<0.10 


0.20 


<0.10 


1.10 


<0.10 


- 


Sulfite 


<2.0 


<2.0 


<2.0 


<2.0 


<2.0 


<2.0 


■ 


Hardness 


5 72 


536 


6 1 6 


6 38 


9 04 


<2.0 


- 



iNOTES: 



(1) All units in mg/L except pH and Hardness. 

All analyses conducted by CRA unless otherwise noted in parameter column. 
" Maximum Desirable Concentrations (Aesthetics) - Ontario Drinking Water Objectives, Revised 1983. 
- Drinking Water Guideline not available. 

(2) TKN minus ,NIH3-N 



TABLE 5.2 

SARNIA 
TRACE yETALS ANALYSIS OF GROUNDWATER 



Parameter 


Con centratio.,ni ( mg/L) 
















Drinkiing 




OW1-8S 


OW2-B8 


OW3-88 


OW3-88 


OW5-88 


TRIP 


Water 


Alumiiinium 








(Dup.) 




BLANK 


Guidelines 


0.18 


0. 1 8 


02 


0.20 


0.22 


<0.02 


- 


aariumi 


0.07 


0.05 


U4 


0.04 


0.09 


<0.01 


1.0 (1) 


Berylliuim 


<0.01 


<0i.01 


<0.01 


<0.01 


<0.01 


<0.01 


- 


Cadmiumi 


0.0001 


0.0001 


^'0 0001 


0.0001 


<0.0001 


< 0.0001 


O.O'OS {1) 


Chroiniiuim 


■ 0.01 


0.01 


0.01 


0.01 


0.02 


<0.01 


0.05 (1) 


Cobalt 


0.02 


0.01 


0.02 


0.02 


0.02 


<0.01 


- 


CQpp«.r 


0-0' 20 


0.060 


0,01 5 


0.015 


0.005 


< 0.005 


1.0 (2) 


Iron 


<0.02 


<0.02 


0.34 


0.36 


0.24 


<0.02 


0.3 (2) 


:LBad' 


< 0.001 


0,001 


<0 001 


0.001 


<0.001 


0.001 


0.05 (1) 


iMagnesiuim 


30 


2 4 


31 


31 


67 


<0.05 


- 


Magnesiumi (CRA) 


20.4 


16.5 


26 2 


30.-6 


46.7 


<1.0 


- 


Manganese 


§.2i 


0.14 


0.33 


0.33 


0.31 


<0,01 


0.05(2) 


Mo'lybderium 


0^04 


0,04 


04 


0.04 


0.05 


<0.01 


- 


iNiickel 


0.01 


0.01 


<0.01 


0.01 


<0.01 


<0,01 


- 


Strontium 


0'.7? 


0,42 


0.34 


0.34 


0.72 


<0.01 


« 


Vanadium 


0.015 


0.015 


0.010 


0.010 


0.015 


< 0,005 


- 


Zinc 


0.11 


0.39 


0.10 


0.11 


0.06 


<0j01 


5,0 (21 



Notes: (1) Maximumi Acceptable Concentrations {Health) - Ofltaiio Drinking Water Objectives, Revised 1983. 

(2) Maximum Desirable Concentrations (AostholiGs) - Ontario Drinking Water Objectives. Revised 1983. 

All analyses conducted by Beak unless otherv^is© noted in parameter column. 
- Drinking Water Guideline not available 

All parameters for metals analysis tield filtered (o.45 micron) 



TABLE 5.3 

SARNIA INVESTIGATION 
VOUTILES AND PAH"s 



Parameter 


Concentration (ug/1) | 
















Method 




Method 


1 


OW1-88 


OW2-88 


OW3-88 


OW3-88 


Trip 


Lab 


Detection 


OW5-88 


Detection 


VOUTILES: 








(DUP.) 


Blank 


Blank 


Limit 




Limit 




















Benzene 


- 


- 


2 


- 


- 


- 


2 


810 


1 


Chlorobenzene 


- 


- 


- 


- 


- 


- 


2 


- 


10 


1,2-Dichlorobenzene 


- 


- 


- 


-■ 


- 


- 


2 


- 


10 


1,3-Dichlorobenzene 


- 


- 


- 


- 


- 


- 


2 


- 


10 


1,4-Dichlorobenzene 


- 


- 


- 


- 


- 


- 


2 


- 


10 


EthyJbenzene 


- 


- 


- 


- 


- 


- 


2 


310 


1 


A-Methylstyrene 


- 


- 


- 


- 


- 


- 


2 


- 


10 


Methylstyrene Isomers 


- 


- 


- 


- 


- 


- 


2 


- 


1 


Mesitylene 


- 


- 


- 


- 


- 


- 


2 


- 


1 


Toluene 


- 


- 


3.6 


4.3 


3.5 


- 


2 


47 


1 


M+P Xylene 


- 


- 


- 


- 


- 


- 


2 


140 


10 


0-Xylene 


- 


- 


- 


- 


- 


- 


2 


150 


1 


Other Aromatic Compounds 


- 


- 


1 1 


1 2 


- 


- 


2 


540 


10 


Styrene 


- 


- 


- 


- 


- 


- 


2 


TR 


10 


PAH's: 
















ii 


' 


Naphthalene 


0.1 


0.1 


100 


46 


TR 


0.05 


0.05 


370 


5 


Benzo(a)Pvrene 


- 


- 


1.3 


1.3 


- 


- 


0.05 


14 


5 



NOTES: 



All analyses conducted by Novalab. 

Other Aromatic Compounds = Total concentration of three trimethylbenzene isormers using 

the response factor of mesitylene. 
Result less than method detection limit. 
TR Trace compound detected. 



weMs, therefore, serve to momtof the back,groimd groundwater quality, 
relative to the Site. 

Observation wells OW3-88^ .and OW5-88 are located dong 
the we'Stem boundary, downigra^dient of the Site (see Figur'e 4,.5). As 
illustrated on Figure's 4.1 .and 4,2, both weUs are screened within coal tar 
NAPL saturated sands. These two wells therefore, serve tO' monitor 
downgradient APL and NAPL concentrations^ relative to the Site. 

A review of the general chemisfry data, summarized on 
Table 5..1, indicates that with the excepti;On of alkalinity^ COD, TOC and 
h.ardness in OW'5-88, .all parameters exhibit similar concentrations in the 
background and do'wn,gradient observation wells. As discussed above, 
observation wells OW.3-88 and O'W.5-88 are both screened witHn coal tar 
NAP'L saturated sands.. Therefore, the elevated levels of the four par'.ameters, 
summ,arized above, .ar'e not experted to be the res'ul;ts of coal t.ar 
contammation, but due to a localized interference in groundwater quality at 
OW.5-88. 

A review of t.he trace m,etals data, sum,marized on 
Table 5.2, indicates that with fee exception of m,agnesium, in OW'.5-88, all 
parameters exhibit similar concentrations in the back,ground an 
downgradient observation wells.. As diS'Cussed above, for the. general 
chemistry parameters, the elevated level of magnesium in OW'5-88 but not in 
OW3-88, indicates a localized interference in groundwater quality. 
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As summarized on Table 5.1, tHo'Cyanate was detected in 
upgradient well OWl-88 at 2.6 mg/L and in well, OW5-88 at 1.1 mg/L. 
Thlocyanates are indicators of the coal gas production process involved with 
sulphur removal. The concentration distribution indicates discrete areas of 
contamination. 

A review of the data summarized on Table 5.3, indicates 
that no volatiles or BAP were detected in background wells O'Wl-88 and 
OW2-88. Naphthalene was detected in both of these wells, at a concentration 
of 0.1 ug/L, however, naphthalene was also detected in the lab blank at a 
concentration of 0,05 ug/L. Therefore the presence of naphthalene detected in 
these wells is not considered real^ however, this should be confirmed through 
subsequent sampling. 

Benzene and toluene were the volatiles detected in well 
OW3-88, Benzene was detected in one sample at 2 ug/L but was not detected 
in the duplicate sample. The method detection limit for benzene is 2 ug/L. 
TO'luene was detected in OW3-8'8 at a maxi,mum concentration of 4.3 ug/L. 
Toluene was also detected in the trip blank at a concentration of 3.5 ug/L. 
Based on the above comparisons benzene is present in OW3-88 at a 
concentration of approximately 2 ug/L, whereas, the toluene detected is 
assumed to be the results of laboratory contamination.. Naphthalene was 
detected in OW3-88 at a maximum concentration of 100 ug/L and BAP' was 
detected in 0'W3-88 at a maximum, concentration of 1.3 ug/L. 

Benzene, ethylbenzene, toluene and xylenes were the 
volatiles detected in OW5-88, at concentrations of 810 ug/L, 310 ug/L, 47 ug/L 
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and 290i ug/L (total, xylene),, respectively. Although toluene was detected in 
the frip blank (3.5 ug/L), the level of toluene in OW5-88 (47 ug/L), establishes 
the presence of toluene. Naphthalene and B'AP' were detected in OW5-88 at 
concenttations of 370 ug/L and 14 ug/L, respectively. 

As discussed previously, observaiion wells OW3-88 and 
OW5-88 are screened within coal tar NAPL saturated, sands. The solubility 
limit of BAP is 3,8 ug/L. As noted, above, the concen,trati,on, of BAP' in OW5- 
88 is 14 ug/L„. It can, ■therefore, be conduded that the sam,ple collected from 
OW5-88 contained NAPL and APL coal tar .and d'Oes not represent 
groundwater quality,. Conversely, the^ concentration, of BAP in OW3-88 is 
IJ ug/L and it can be assumed, that th,e data .reported for OW3-88 is a better 
representation of groundwater quality. 

Under the scope of this investigation, no wells were 
instalied o.ff Site. However, based on the area of id,enti„fied coal tar NAPL 
satarated sands on Site, the ,migration of both coal tar APL and NAPL, off Site 
is antidpated. Due to the relatively high viscosity an,d low water solubility of 
coal, tar, ,and the fact that a source of coal tar (i.e. gas plant) no longer exists, it 
is antidpated Aat off-Site coal taj* NAP'L migration is restricted to the 
i,mmediate vicinity of the Site. 

Groundwater contamination (APL), resulting from, 
dissolution of coal tar component,s,, moves with, the groundwater. However, 
because of the limited water sol,ub,ility of m,ost coal tar^ com,ponents, the 

movement of APL contaminants may be substantially retarded in a 
groundwater en,viro,n,m,ent, as a result of preferential p^artitioning of these 
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components onto surfaces and adso^rpiion, into organic materials. According 

to the "Water-Related Environmental Fate of 129 Priority Pollutants, 
Volume 1" {Callahan, et al, 1979), prepared for the USEPA, benzene, 
ethylbenzene, toluene and spedfically naphthalene and BAP will be adsorbed 
by organic material. 



5-4 SUMMARY O'F RESULTS 

Based on information presented in the previous Sections, 
the following observations are m,ade: 

1| The Site is generally separ'ated into three geolo:gic umts: fill; 

gladolacusfrine (interbedded peat, s.and ■and clay) deposits; and glacial 
till The fill varies in thickness from 0.4 to 2.0 metres. The total 
thi;Ckness of the gladolacustrine deposits is 2,4 m,etres. The glacial till 
acts as a regionally extensive confining unit and will inhibit the 
vertical movement of coal tar.. 

^ The groundwater flow in the gladola.custrine deposits discharges to 
Sarma B^ay. 

il There are no known potential drinking water users of the groundwater 
in the vicinity of the Site. 

Coal tar NAPL (refers to 'that portion of coal tar which is not idlssolved 
in groundwater and can be visually identified as a separate and distinct 
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material) saturated sands were encO'Uiitered in the giaciolacustTine 
deposits 0¥er the sou'them two-thirds of -the Site, The cO'ai tar NAPL 

saturated sands extend dO'Wn to^ the top of 'the gladal, till. ITrie distance' 

of contamination off Site was not determined., 

5) Waste ch,ar'acterization of 'the coal tar NAPL from the Site indicates that 
the C0'.al tar present on Site most likely originated from a common 
source. 

6) Based on ava,ilable data,, coal tar NAPL has not affected the general 
che,misfry an,d tT'ice metals p.arameters in the groundwater on Site. 
Coal tar indicator p,ar'amfiters (i..e- benzene, naphthalene and 
benzo'(a)pyrene) were detected in the ,grO'Undwater on Site. 

7) Off-Site migration of coal tar APL (refers to that portion of coal tar 

which is dissolved in groundwater and c^annot be visually identified as 
a separate ^and distinct materi.al) and NAPL in the glaciolacus trine 
deposits are antidpated. Bedding materials of adjacent service lines do 
not represent a preferred route of migration. 

8) Based on avdlable data^. air quality at th;e Site has not been affected by 
coal tar related par'ameters. 
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53 ENVIRONMENTAL SIGNIHCANCE 

Bmsed on cuirent conditions, the coal tar NAPL on Site is 
covered sufficiently to prevent exposure to the waste through existing on-Site 
activities. Existing data also indicates that the air quality above the Site has 
not been affected by the presence of coal tar. 

'The groundwater in the glaciolacus trine deposits on Site 
has been impacted, by coal tar APL. The groundwater in the glaciolacustrine 
deposits is not used as a drinMng water supply and, therefore^ does not 
represent an existing ttireat to human hedih in this respect. 

The= horizontal extent of the coal tar NAPL off-Site has not 
been determined^ however, is anticipated to be restricted to the immediate 
vidnity of the Site. The likelihood of coal tar NAPL from the Site reaching 
Samia Bay is extremely low. 

The groundwater flow in the glaciolacustrine deposits 
discharges to Sarnia B^ay. 'The travel time for groundwater in the 
glaciolacustrine deposits from the downgradient Site boundary to Sarnia Bay 
waS' cai,culated to be in the order of 200 to 300' years... It oan. be ass'umed that 
coal tar AP'L migration to Sarnia Bay might occur, however, the 
concentrations of AP'L will decrease with distance from, the Site. The decrease 
in APL concentrations would be attributable to groundwater dilution and 
volatilization for the volatile components (i.e. benzene and ethylbenzene) 
and ^groundwater dilution and biodegradation for the PAHs (i.e. naphthalene 
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and BAP), Notwithstanding the above, insufficient data is available to know 
how far the coal tar APL has migrated from, the Site. 
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6.0 RECO'MMENDATIQNS 

Tl is recommended that the coal tar contamination found 
on Site be registered on the land title. Restrictions on future land uses should 
include, but not be limited to> no change in land use on Site that could affect 
the cover over the coal, tar or coal tar contaminated materials or expose the 
coal tar or coal tar contaminated materids to the a-tmosphere for a prolonged 
period of time. Restrictions should also include no excavation into the waste 
that would result in exposure unless safe excavation practices and disposal of 
the waste is considered. 

Notwithstanding the above, the following additional 
^ work is recommended to be completed on and off the Site: 

1) The completion of additional boreholes to the south and west of the 
Site to define the horizontal extent of coal tar NAPL saturated sands. 

2) The completion of observation wells downgradient of the Site between 
Front Street and Sarnia Bay to determine if coal tar APL contaminants 
have migrated to Sarnia Bay, and if so, the effect they may have on 
Sarnia Bay. This work should include additional round(s) of 
groundwater samples from the e^xisting observation wells and 
proposed observation wells. 
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All of Whicli is Respectfully Submitted, 
CONESTOGA=RD'VERS' & ASSOCIATES 




Frank A, Rovers, P. Eng. ^r. 




Ed Roberts,. P. Eng, 
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Ground Conductivity and Magnetometer Survey Results 

Sarnia Co^al Tar 

North East Parallel Perp, Average Decibel Mag Commants 
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2 4 
3700 



BACKGROUND READINGS - taken 10 ft outside of west fence 



32 




32.0 


-1.1 


32 


36 


34.0 


-0.6 


33 


3 6 


34.5 


-0.5 


27 


33 


30.0 


-1.7 


41 


38 


■ 39.5 


0.7 


35 


34 


34.5 


-0.5 


30 


31 


30.5 


= 1.5 


29 


29 


29.0 


-2.0 


30 


31 


30.5 


-1.5 


32 


33 


32.5 


-1.0 


34 


32 


33.0 


-0.9 


33 


33 


33.0 


-0.9 


34 


32 


33.0 


-0.9 


36 


34 


35.0 


-0.4 


36 


36 


36.0 


-0.1 


39 


37 


38.0 


0.4 


35 


42 


38.5 


0.5 


52 


48 


50.0 


2.7 


4 6 


42 


44.0 


1.6 


44 


37 


4 0.5 


0.9 


54 


30 


42.0 


1.2 


52 




52.0 


3.1 



below hydro lines 



below hydro lines 



5 ft east 
at fence 



of fence 



NOTES 



- North, East are grid, coordinates 

- Parallel, Perp are EM31 readings obtained with the inst rumen- 
parallel or perpendicular (Perp) to the line of traverse 

- Average is of parallel and perpendicular EM31 readings 
= Decibel: normalized EM31 readings 

- Mag are Gradiora,etric Magnetometer readings 



APPENDIX B 

STRAHGRAPHIC AND 

MSTRUMENTATION LOGS 



STRAHGHAPfflC AND IN;STRUME:M'ATI0N LOG 
(O'VERBUEDEN) 



PROJECT NAME: SARNIA COAL TAR 

PROJECT NO.: 2299 

CLIENT: MOE 

LOCATION: REFER TO' PUN 



HOLE DESIGNATION; 0W1-a8 

DATE COMPLETED: Il/Qij/Sa 

D'RILLINC ME'THiOO: ISSmim ID HSA, 

CRA SUPERVISQR: S.C./K.M.V. 



DEPW 
m BG 



- 1.0 



- 2.0 



- 3.01 



- 4.0 



■ 5,0 



- 6.0 



' 7.0 



■ a.o 



- 9.0 



10.0 



- n.Q 



• IZO 



" 13.0 



REFERENCE ELEVAION 

GRQUND ELEV.AT1QN 

SMi~yL SAND (nLL):som:e sitlt„foundry 
sand.medium grained, po^oiriy graded,' 
"A ^coim pqct,g rey,m o1st,,No Froist. 

PT PEAT: a,morphou.s,siiig:lTtly fibrous 
■\ln a woody matrix,, sami conisolid.q.ted 



I 



"iTRATlGRAPHiC DESCRIPTION k REMARKS" 



Oi SILT: little sand,trace 

ay„soft,Iayered,!ew Qiastic, grey, very 
QistJndusiQnis of s'heils.rootieta. 

CL-ML SILT (tl.LL;):some clay, trace sand, trace 
to little gravel„3tiff,lQw plaiticgrsy-'brown.moist, 
iinclusiona of ihaia 

-tsecomes very stiff.brown,, higher percentoge 
Qif fine grave! 



ML - SILT (T1LL):sQime day/^troce 
sondpStiff.low plastic, grey/brown.moist t© 
very mioiit 



iEND' OF HOLE m 9.1: 4mi BGS' 




w4 IntervaJ: 
176.70 to 177.46m AM,SL, 
L^ength -0.7im 
Dla:metiBf -5Qmm 
Slot # 10 
Material- PVC 



NOTES: MEASURING POINT ELEVATIONS MAY CHANGE; REFER 70 CURRENT ELEVATl/ON TAS'LE 
GRAIN SIZE ANALYSTS 'C^_^ WATER FOUND' ^ STATIC WATER LEVEL ^ (5/05/B8) 



STlATIGRAPfflC AND INSTRUMENTA'nON LOG 
(0¥11BU'RDEN) 



PROJECT NAME: SARNIIA COAL TAR 

PROJECT NO.: 2299 

CLJENT: M.OE 

LOCAniOiN: REFER: TO PLAN 



HOiLE DESIGN ATI OM: 0'W2-8a 



DAT! COMPLETED 
DRILUNG METHOD 
CRA SUPERVISOR 



11/0 J/88 
168mm liD HSA 
S.C./K.M.V. 



DEPTH 
m EG 



STOAHiGRAPHJC DESCRIPTION k REMARKS 



'.3' 



h 2.0 



- 3.0 



- 4.0 



;.0 



- S.O 



- 7.0 



3.0 



- 9.0 



- 10.0 



- 11.0 



- 12.0 



- 13.0 



ELEVATION 

m AMSL 



REFERENCE ELEVATION 
GRQUNQi ELEVA^ON 



MGNirOR 
INSTALLATION 



SMi SAiNO (FILL): some silt.trace 
gravel,, brown, mioiat.FQ'un^ry sand 



179.527 
^'8,50 



SMi - SAND: some gravel, well grQded,,brown,wst 



ML SILT (TTLL):somie clayji'ttle sond.trace 
fine gravel, stiff, low plastic,occasional 
thfn silt partings,,biecoimes leai sandy with 
depth, gray/brown becoming brown at 2.7mi 



END OF H0:L£ a 4.,57mi BGS 



NOTES: 1. water entering hole from aprox. 
1.22-1.52 m bgs 



177,76 

177.ZS 
177.00 



17j,95 



m 



btr- 



||NXN,TI 
SO -TIT a 

■ITS, 

5C9EEN 



.- -J. T-' 






^^S3^|^ 



SCREEN DETAILS : 
Screened Interval: 
17S-57 to 177.43m 
Length -0 Te-n 
Diameter -5Cmr-i 
Slot ^ ^0 
Materci-PVC 



SAMPLE 



AMSL, 



NQ'TIS: MEASURING POINT ELEVATIONS MAY CH,ANGE; REFER TO CURRiBJT lELEVATION TA,BLE 
JGRAIN SIZE ANALYSIS 'C J WATER' FOUND ^ STATIIC WATCR LEVEL W 



(5/05/88) 



STEA,TIGRAPfflC MB ENS'mUKENTATIDN LOG 
(O'VlRBiURDEN) 



PROJECT NAME: SARNIA COAL TAR 

PROyECT NO.: 2299 

CLIENT: MQE 

LQCAION.' REFER TO PLAN 



HOL£ DESIGNATION: QW3-8a 
DATE COMPLETED: 14/03/88 
DRf'LUNG METHOD: 168mm ID HSA 
CRA SUPER^/ISOR: S. GROSSMAN 



DEPTH I STRATlGRAPhlC DESCRIPTION k REMARKS 
m SG 



^Ei-E^ENCE ELEVATON 
GROUND ELEVATON 



L 



I" 1.0 



- 2.0 



- 3.0 



- 4.0 



- 5.0 



- i,0 



7.0 



- a.o 



- 9.0 



■ 10.0 



11.0 



- 12.0 



SM SAND (HLL)- Foundry sand: some silt, oWy 
sneen gn scrrole. 

OL PEAT ^'nLL):3one scnc,c.'Tcr3iTous,fibrau3, 
|_^ccmpcct.wcter bearing ct 1.2m,,»/et,bricKs,steei, 
\wccd,"nclus'ons,sa.ndsgoms at "■2'n , 

SM - SAND: some silt, COAL TAR 

SATURA it.D,comDact,meaiun grained, pcoriy 

graded, blacK, strong ?*.,,'-! odour/rtiet 



ML SiLT (TILL): some dayjittle 
scrid,3tiff,iow pia3t;c,Drc:wn,rpcist.vis['c;J/ 
^frse of contgfninotiQn. Slight PAH odour 



END OF HOLE <Q 3,C5m BGS 

NOTES: 1. augers cleaned with -voter i 

rnethanol before j-noving to Higw 

location. 



ELEVATION! 

m AWSL 



J79.4J6 

178,52 



173. 19 

177.58 
177 JO 



176.36 

175,60 



UlE. 




SCREEN CETAILS ; 

Screened Inter-^a 

175.47 to 177.0Cm AMSL 

Length -O.gm 

Dlcmeter -SOmrrt 

Siot # ;o 

Material- PVC 



NOTES: 



MEASURINiG POINT ELEVATIONS MAY CHANGE; REFER TO CURRB^T ELEVATION TABLE 
GRAIN SIZE ANALYSIS \^^_S) WATER FOUND ^ STATC WATER ILEWL W 



(5/05/88} 



STM'TIGlAPfflC AND INSTE:UMENT'AT10'N LOG 
(O'VEHBURDEN) 



PROJECT NAMiE: SARNIA COAL TAR 

PROJECT NO.: 2299 

CLIENT: MOE 

LQCAn,ON: REFER TO PLAN 



HOLE D£SIGNAnON:QW5-i8 
DATE COMPLETED: 14/03/88 
ORILUNG yETHOD: 168mm ID HSA 
CRA SUPERVISOR: S.C./K.M..V. 



DEPTH" 
m BG 



S'TOATIGRAPHIC DES CRIP EON & REM;ARKS 



REFERENCE ELEVATION 
GROUND' ELEVATION 



Foyindry sand (FILL): saima silt, compact 



ELEVATION 
m AWSL 



MONITOR 
INSTALLATION 



173.21J 
178,60 




SAMIPLE 



T 

A 
L 

I 



- 1.0 



- ZQ 



- 3.0 



- 4.0 



■ 5.0 



6..Q 



- 7.0 



- e.Q 



-■ 9.0 



10.0 



1.0 



12.0 



PT PEAT: amorphouis.alightly fibrous, 
semi— C0'.n solid a ted, very moist.black.slight 
PAH odour 



SM SAND:som© silt.compact.medtum' 
graiined.pOiOrly graded,,bliack,COAL TAR 
SATURATED,, wet. free product in form of globs 



ML SILT: soma cigy, trace samd.trace fine 
gravel. stiff, low plasitlc,brown,mioist, visibly 
jree of cQntamingt.ion,,slight PAH odour 

ENrD"OF"'"HOLE © 3.Q.5m IGS 



3 



178, 13 

177,31 
177.24 

176.27 
175,54 



ICS 



2CS 



SCREEN DETAILS : 
Screened inter'.'ai: 
176.^ to 177.23m 
Length -Q.gm 
Oiometer -50mm 
Slot 4 10 
Mctenal- FVC 



AMSL 



NO'TES: MEASURIiNG POINT ELEVATIIONS MAY CHANGE; REFER TO CURRENT ELEVAEON TAiLE 

GRAIN SIZE ANALYSIS C,._. J ^ATER FOUND ^ STATIC WATER LEVEL ^ (5/05/88) 



APPENDIX C 
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yjiifijslry' Mmisiem 

Lnvfiodini-nl I'EnvtfommmenI 
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(piovincmi No.! / fW pfoymcitlf 
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APPENDIX D 

ALLOWABLE SANITARY 

SEWER DISCHARGE RATE 



ATTACHMENT 1 - 
ALLOWABLE SANITARY SE WER DISCHARGE R.4TE 



In order to satisfy MDE guidelines, the following equation, calculates the allowable 
disAarge rate of collected waters to the sanitary' sewer: 



QDS = (CefF)(QWWTP)/(SbaP)(1 - EwWTP) 

where: 

QDS = AIlowa,ble discharge rate of waters to sanitary sewer (lifre/min.) 

CefF = Ma,ximum, allowable incremental increase in 'WWTP effluent 

.discharge (ug/L) 

QWWTP = Average 'WWTP operating flow rate (litre/ mn.) 

SbaP = Solubility limit of BAP (ug/L) 

EwWTP - Assumed WWTP removij rate for BAP 

For 'the Samia site: 

C'EFF = 0.01 ug/L (based on MOE ,guideiine) 

Q:WWTP = 11,0'00,,000' gpid = 34757 litre/min (based on info:rmation from City of 
Sarnia) 

Sb,AP' = 3.8 ug/L 

EwWTP = 0'.7 (based on MOE guideline) 



Therefore: 

QDS ^ (0.01)(34757)/(3.8)(1 = 07) = 305 iitre/min. 



Based on the above, the discharge of collected waters to the sanitary sewers at a rate 
of 305 litres /mln- would satisfy the MO'E guidelines. 



APPENDLX E 
MSMW2 WELL LO'G 
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APP,^JDIX F 

MOE STORM SEWER. 

SAMPLE RESULTS 



MEMORANDUM . July 14, 19 87 

TOs D. Veal 
Chief 

Surface Water Assessment Unit 

FROM- B. Hawkins 

Biological Technician 

REi rSarnia - Old Gas Works Site: 



A one day field investigatio'n was co^nducted in the vicinity 
of the old Sarnia Gas Works facility on Jmne 9, 19 87. The 
purpose o^f the investigation was tO' determine if any coal gas 
wastes were migrating off site and if so to define the surface 
water quality impact. 

The site is located on Maxwell Street , bO'Unded by Water and 
Front Streets (Figure 1). The" property is now occupied by Sarnia 
Hydro who operate a hydro-electric substatio'n. The actual fO'rmer 
gas plant site is fenced ■'and ■access is controlled by a locked 
gate. The site is located apprO'Ximately 12S m east of the St. 
Clair River. 

Drainage O'n site consists of a numb'er of storiii drains. The 
Water Street storm drain discharges to the Maxwell Street drain 
which discharges to the Front Street drain which ultimately 
discharges to the St. Clair River at the foot o^f London Road. 

Water and sediment samples were collected from the drainage 
network at the following sites i 

Station 1 : Manhole at the corner of Front and Maxwell Streets 

- 15 inch drain. 

Station 2 i Manhole at the corner of Front and Maxwell Streets 

- 30i inch drain. 

Station 3 ; Manhole at the corner of Maxwell and Water Streets 
' - .24 inch drain. 

Station 4 : ManhoLe o^n Water Street above the old Gas Wo^rks 
' Site - 2 4 inch drain. 

No apparent visual or Qlfactoiry signs of coal tar wastes 
were observed at any O'f the above sites. There was however, an 
O'ily type sheen present on the surface O'f the water after the 
sediment was disturbed. Based on this Oibservation, the samples 
were submitted to our Toronto lab (LIS - SW12859} for analyses. 

Rec'di CRA 
MAY 2 1938 







-S> 



/eAJ/^ 



-3. 



^y 






/ t ^/' 



= 2" 



O^n July 6^ 1987 the writer received verbal results' as to the 
presence ox' absence of coal tar wastes. Those preliminary 
results did not indicate the presence of coal tar wastes. ' A more 
comprehensive set of results is expected shortly.. 





BH: jeb 
sw/0'71401 



B. Hawkins 



cc S , Thornley 

C . Ramchandani 



EnvironraenT Ontario 
FINAL REPORT 

ilunicipal ity/Project 



S A R N 1 A 



GAS 



'^/^^f^^^ 



U R K' 



Page 1 
Printed 05/08/87 



Subm t ss i on 



S U 1 e 8 5 9 



Sampl Ing Dat e ( s ) 



JUN 9. 1987 



Program . 
Agency . . 

Sampled by 



1 003 081 
010101 0401 

HAWKINS, BURCE 



SURFACE UATER STUDY 
SURFACE UATER UNIT 

Date Submitted: 10/06/87, 



URB-RUNOFF 



Date Received: IS/06/87 



Ma i 1 t hi s copy t o 



Final reports t O' Hayklns«. B 



Hawkins, B 
TECHNICAL SUPPORT 
985 ADELAIDE ST. S 
LONDON ONT 
N6E 1V3 



TECHNICAL SUPPORT 



FleTa- 
Sampl e 



Sampling Location 
I CODE NOT GIVEN 

Sample Description 
NOT GIVEN 



Telephone: 51 9-6 6 l-seO'iO' 



■ "SampTTng 
Date Time 



Sampling Location Description Date Time Zone 

SARNIA 15" DRAIN FROM FRONT STREET 09/06/87 5 

Lab Sanplei Remarks Lab Samplei Remarks 
SPe4-0£59 



TESTS REQUESTED: -i-IDGU 



FTeia' 

Sampl e 



Samplingi Location 
2 CODE NOT GIVEN 

Sample Description 



,^. . Sampling ~ 

Samipliing Location Description Date Tiite Zone 

30" DRAIN ON MAXELL ST MANHOLE COMBINED 09/06/87 % 

Lab Sampled Remarks Lab Sampled Remarks 



NOT GIVEN 

TESTS REQUESTED 



SP2 4-0a£.0 



-t-iDGy 



E n V i r o n HI e n t 0' n t a r i o 
FINAL REPORT 



SUIS8S9 



SARNIA GAS UORKS 



Printed 



Pag© 2 
05/0 8/87 



Sample 



Sainpling LO'Cation 



S a mp I i ng L o-c a t ion D'e script ion 



Date 



SiipIIng ^ 
Tiin© 



Z o n # 



3 CODE NOT GIVEN 

Sample Di ©script Ion 



24" ON UATER STREET 



O'f/0.6/87 S 

Lab Samplei tennarks Lab Saiiplei Remarks 



NOT give:n 
TESTS REQUESTEDi 



SPa^-OSfil 



+ IDGU 



Sample 



Samip 1 i ng Locat i o.:ni 



Sampling Location D'escri pt tO'n 



D^a t e 



Samp 1 1 nf ' 
fim 



Zone 



COD€ NOT CIVEN 

Saimiple D'escr Ipt lorii 

NOT GIVEN 

TESTS REQUESTED^ +ID"Gy 



24" 0,N yATER ST UiPSTREAH OF SITE 

Lab Saniplei ieimarks 



'FTiia*" 

Sanple 



Of/ 0^6/ 87 6 

Lab Samplei Remarks 



spe4-o£6e 



SaBpling Location 



Sanpliingj Location- DescFiptlon 



Date 



SampTTng 

Tim© 



Zone 



5 CODE NOT GIVEN 

SaiBple IDescrlpt 1 O'n 



SARNIA 15" D-RAIN FROM FRONT STREET 09/06/87 5 

Lab S a lip lei Remarks Lab Saimiplet Remarks 



NOT GIVEN 
TESTS REQ^UESTEDi 



SP24-0Si3 



+ iDGy 



TTiia^'' 
Safflpl e 



Sampling Location 



Sampling Location Description 



iampTTngr 
Date Time 



2 o n © 



6 COD'E NOT GIVEN 

Sa mp 1 e Description 



30" DRAIN ON MAXELL ST MANHOLE COMBlNEiD 09/0i6/87 • 5 

Lab Samplei Remarks Lab Sample 11 iRemark 



NO'T GIVEN 

TESTS REQUESTED 



£Pe4~0aS4 



+ lOGy 



Environment Ontario 
FINAL REPORT 



SU1E859 



SARNIA GAS UORKS 



Pr i nt ed 



Page 3 
05/08/87 



TTiTa" 
Saitipl e 



Sampling Location 
CODE NOT GIVEN 
Sample Dfrscriptlon 
NOT GIVEN 
TESTS REQUESTED 



- - SiftpTTng" 
Sampling Location Description Date Time Zone 

24" ON WATER STREET 09/06/87 5 

Lab Samplett Remarks Lab Sampled Remarks 

SPa4-0£65 



+ IDGU 



TiSia"" 
Sample 



-_- . - SiSpTTng" " 

Sampling Location Description Date Time Zone 

£4" ON yATER ST UPSTREAM OF SITE 09/06/87 S 

I Lab Samplei Remarks Lab Samplei Remarks 

SPS4-0E66 



Sampling Location 
8 CODE NOT GIVEN 

Sample Description 

NOT GIVEN 

TESTS REQUESTED: +IDeU 



LSI m r 



EnvirO'nment Ontario 

FINAL REPORT 



Sampl© Class 
SPECTROSCOPY 



SP 



PEST 



syieess 



BARN I A GAS WORKS 



Result s 



I mqu ir t #s at : 
Tel e phone : 



JOE O'S BORNE 
4 16-235-5759 



Pag© 4 
Printedi O'S/ 8/87 



Field 

Sample Saiimpling LoxatiO'n 



Sampling Locatiorii Description 

Samp 1 e Description 



LAB 

Samp lei Reiiiarlks 



Sampl i ng 
Date Time Zone 



1 CODE NOT GIVEN 

2 CODE NOT GIVEN 

3 CODE NOT GIVEN 

4 CODE NOT GIVEN 

5 CODE NOT GIVEN 
i6 CODE NOT GIVEN 



SARIMIA 15" DRAIN FROII FRONT STREET 

N:OT GIVEN SP2:4-0i&S'9 

3-0 "'■ DRAIN ON MAXELL ST 1M:ANH0'LE CO'IIBINED 

NOT GIVEN SP£4-Qi26iO 

£4" ON yATER STREET 

NOT GIVEN . ; SP24-0E61 

24" ON yATER ST UP STREAM OF SITE 

NOT GIVEN 1 _ SP 24'- 0262 

SARNIA 15" DRAIN FROH FRONT STiEET 

NOT GIVEN SP24-0263: 

30." DRAIN ON MAXELL] ST ■MANHOLE COMilNED 



NOT GIVEN 



SP24-0e64 



Of/ 0' 6/8 7 


S 


9/0 6/87 


i 


9/0 6/87 


i 


9/06/87 


i 


9/06/87 


9 


9/0 6/87 


5 



Field Sample Nuiiber . , 

Test Deficript ion 

Codle,, _ Units lof Measure 

„__,___. .______,>^. M#tlh,od 

ID-G. yYHOVSZKY OTC 

I DG y , NO' Units a v a i 1 ab I e 



I 5 3 4 5 6 

SP14-i£5f SPa4'026d SP24-02i61 SP24"i0262 SP24-0263 SP24-0'264 



1 IP 



IRP 



IRP 



IIP 



RP 



IRP 



^n 



EnvirQinment O'ntario 
FINAL iRE'lPORT 

Sample Class: SP 

SPECTROSCOPY 



PEST 



S«ieB59 



SARNilA GAS yO'RKS 



Pa,Q# 5 

Printed 05/08/87 



Results 



Inqylrles at 
Telephone 



JOE OSBOiR'NE 
41&-S35-57S9 



Field 

Sample Saiiplingi Location 



Sainpllniq Location Desert pt i O'n 
Sarople Description 



LAB 

Samp lei Reifiar'ks 



Samp I ing 
Date Tim© Zon®' 



7 CODE NOT GIVEN 

8 CODE NOT GIVEN 



% Test Description 

Code, Units of Measure 

hethod 

-'^ ID-G. UYH0VS2KY OTC 

IDGU ,No Units dvailable 



1:4" ON yATER STREET 

NOT GIVEN . . SPe4'-0^2Si 

m" ON yATER ST yPSTREAM OF SITE 

NOT GIVEN : SPS4-0^e6S 



og/O'i/a? 

9/0 6/87 









, 




j 


Field Samp 1 e 


Number . 


. » 


7 


|: 



SPS4-0a65 SPS4-0a6i 



IRP 



(RP 



J 



E n V i T' o n m e in t n i a r i o 
FINAL REPORT 



suisess 



SARNIA GAS UORKS 



Pr i nt ed 



Page 6 
05/08/87 



Sample Class 
SPECTROSCOPY 



SP 



Textual Information 



PEST 



Inquiries at: JOE OSBORNE 
Telephone: 416-235-57S9 



SUBMISSION: swiea59 
AUTHORED BY: MIRA PETRANOVIC 

SCIENTIST ' TRACE ORGANICS SECTION 



SPS4-0259 UAS FOUND TO CONTAIN POLYSTYRENE/ACRYLATE . 

SP24-0260 AND -086! DID NOT CONTAIN ANY MAJOR ORQANICS. 

SPe4-026a AND -0263 WERE FOUND TO CONTAIN ACRYLICS. 

SP24-0264 AND -0265 WERE FOUND TO CONTAIN A MIXTURE OF 

SILICONE GREASE AND RESIN I NATURALLY OCCURING MATERIAL DERIVED 

FROM TREES IE: PINE TAR) 

SPa4-0259 TO -0266 UERE FOUND TO BE FREE OF COAL TAR. 

SPe4-0266 yAS FOUND TO CONTAIN A MEDIUM 'OIL ALKYD. 



-^ 



.-> ! 



fey 



" - * %j w u n i\ 3 



Printed os'f 08/87 



♦** END OF REPOiRT *** 



REMARK COD€ EKPLANATIONS 
!«P SEE .TTACHED^ REPORT (NO NUriER I cIesULT rPEST IC 



r,. I 
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APPENDIX, G 
WASTE CHARACTERIZATION' REPORT 




2 8 4 6 

April 2 9, 1988 



OceanCihem group 



Consultants in Chemistry fO' rile 
£nt'!'rofi.me.ni!a/ and Earth Sc/ences 

SUITE 32 

T 000' W I N iM' ILL R O A 
CAflTMOUTH NOVA SCOTIA 
S38 ILT 

TiLEPHO'NE (m2j 463-0114 
PAX (9Q2j 466-574,3 



Rec'd roA 

i:,f\Y 9 1333 
i 



Mr . Wayne J . Sm i th , C . E . T . , 
Conestoga-Rovers & Associates Limited, 
651 Colby Drive, 
♦•.'aterloo, Ontario. 
N2V 1C:2 



REt CHAEACTERIZATIOH O'F SARHTA/INGEiRSOL SAMPLES, REF.# 2 29 9 

Dear Mr, Smith; 

We have completed the characterization of the following 
samples received from you; 



O'CeanChem Sample 
Nu'mJb'er 



1770 



17 71 



177 2 



17 7 3 



1774 



Sample Description 



Sarnia Coal Tar, 3-14-88, BH 4, (6 ft,) 
Pesticide, (coal Tar) 



Sarnia Coal Tar, 0i3-14=88,, OW5-88,, (7 ft,} 
Pesticide, (co'al tar) 



BH 5-88,, Ingersol 



Ingersol Coal Tar, 3-29-88, BH12-88, 
(11 ft.) 



Ingersol BH3-8 8, CS#5, (25 ft,) 



All samples^ were characterized by capillary gas 
chromatography, with flame ionization detection. 



Daffmouth • Sydney • fredencton • St. John's • Monireaf • Burl'mgion • Edmonton 



Page 2 

Mr. W. Smith, 

April 29, 1988. 



Sample fs 177 Q » 1771, fSarnia) 



A high degree cf overall similarity was obsei-^v^ed in both 
samples. The majority of ccnponents in both saniples appear tc be 
aromatic hydrocarbons (most likely both alkylated ar.d 
non-alkylated .polynuclear aromatic hydrocarbons, (P^Ji), With 
reference to a detailed pattern comparison, 13 major components 
were observed in both samples with retention times within -/- 1%. 
There is therefore a high degree of likelihood 
hydrocarbon fraction of the samples originated 
source. 



from 



that the 
a common 



S.ain,ple #3 17 7 2, 1773_i._ 1774 , _CIn,qersol) 

In general, a high degree of chromatO'graphic pattern 
similarity was obseir^ed in all three samples. Similar to the 
above Sarnia samples, ^s 1770, and 1771, the capillary gas 
chrom.atographic data of the Ingersol samples is consistent with 
the presence of both alkylated and non-alkylated polynuclear 
aronatic hydrocarbons (P^Ji). A high degree of similarity was 
observed in all three samples, however sample # 1774 (BH-3}, 
contained several early eluting compounds, not cbser^-zed in sample 
^s 1772 (BH-5) , and 1773 (EH~12) . Although the identity of these 
com.pounds has not been established by confirmatory techniques 
such as capillary gas chrcmatography/mass spectroscopy, (GC/'XS), 
the identity of these additional early eluting compounds appears 
to be consistent with the presence of polynuclear aromatic 
hydrO'Carbons, (P,AK) , 

In conclusion,, both sets O'f samples appear to contain -a 
majo'rity of PAH', and within each set,,, (geographic lO'Cation) ,, 
post likely O'rig'inate froii, a Gomm,on source. 

If you „ have. any questions, or require any additional 
info:rmation, please do not hesitate to contact m,e. 



Yours truly, 

:hem group 




G.R.Sirota 

SeniO'T Project Manager 

GRS . lb 



cc. Ms. Chris -Galinski 
Mr. Paul Plotz 




APPENDIX H 
ANALYTICAL REPORTS 



2.^=^^ 




FAX; (5141 63 1-98 14 



ifiar NQVALABtTT 



TO; Cones toga- Hovers & Associates Ltd date; April 20', 198B 

86 Rankin Street 
Waterloo, ■Cht^ario 
mv IC2 ^ §toeL; 2299 

Attention: Mr. W. .Smith 'repowt*: 1*^-3513 



RE: 



An,alysis of Water Samples fiDr MAH, Na;^thal,ene/ 
.and Be.n2Q(a,)'Pyrene - Project 2.299 



Sir., 

Twelve (12) water s-anples, received &fercli 25, 1S8.8, were .an.al,ys.'ed 
for mo,nDc:yclic .aronatic 'hydrccarbons by purge .and trap gc/ms (EPA 
method ■624},, and for irdLcator polycyciic ar.'ariatic hylr^ar''bons 
(naphth^alene and b«i,zO'(a)pyr.ene) by gc/ms .equipped with a mass selec- 
tive in the single ion mentoring mode (Wh me'thod 625).. Due to^ a 
^ii^'Ut.er probl'Sm in whidi the data f^- the first analysis was los.t,, 
.saiples "Ir^er.^11 #2." to "Ingersoll #6" had to "oe .analysed a seccnd 
tiiie .for MAH. Ihe results presented, here are from that seco.nd ana- 
lysis. Duplicates for " Ing'er'.soll #1'''' and the trip blank were .also .ana- 
lysed .. 'Th.ese duplicates diow^ed a slight incre.ase in toluene whi,.Gh may 
be due to contaminat Icti incurred after the initial sampling. 

Oiromat'^rams will be k^t 'On file.. 

Sin<^:rely,, 

WmMJm LDCTOD 

B...E. Ctowley, (p-Sc. 




^proved by J-D. Fenwick, Hi.D., P..Ch'eral ^~i 
end . 



i 



All reocrtR are the confidential oroperfy of cients Publication of statements, conclusions or extracts regarding our reporrs is not oe'^mitted 
witrsoul Our jvrwcn aopro'-al Anv haoility at^actiea thereto is hmitecJ to the fee "hiarcec Ur^Jess otnerwise ar anged sarnmes will t»e 
discarded 90 aavs atter receipt 



CDNCEHTRATIOM OF Hfl^H'OCYCLIC ARO^MATIC HYORQiCARBflNS lU UMB 
ug/L 





awis* 






S'Srnia 




CQHPQiUWS 


140 


aii 


BENZENE 


810 


10 


CNLORDiEMZENE 


* 


11 


1,2-OICHiLQRQ'BE.NZENE 


- 


10 


1,3-DICHLQ:RQBEN1ENE 


- 


10 


l,4-BIiCHLQ'RQB£NIENE 


- 


10 


EiHTLIENZEiNE 


310 


10 


A-HETHILSTYRENE 


- 


10 


PiiETHYLillTRENE ISDMEiRS 


« 


w 


msmiEm 


- 


10 


TOIUENE 


47 


10' 


ilfp-nLINI 


140 


10 


O-HLENE 


m 


10 


.othie:r hmmiit mmum 


m 


!0 


STYRENE 


TR 


10 



Sirnia Sirnii 
tlO 120 



Sarnia Sarnia 

130 m I, 



Ingers, 
tl 



Qu0i4 
ingers. 

12 



0UJ5A, '0«-^l 
kigers. .nqers. 

13 ' 14 



m 



2 



!.6 



il 



4.3 



12 



2.4 



6.3 



27 



2.3 



IP 



8.S 

S.3 

IB 

41 



TR 



CONiCENTRAflON QiF MONOCYCLIC AROBAfIC HYB'ROCARSO'MS III yAFER 

ug/L 



COiHPOOND 



ESNIENE 

CHLORQilENIENE 

!,2-D!CHL0R0B£;NZENE 

l,3=DICHLa'R0BENZIN£ 

1,4-D'ICHLDilOIENZENiE 

ETHYLBEMIEKE 

A=M£THYLSTYRENE 

flETHYLSTYKME IS0'HE,R3 

.rtESlTYLENE 

TOLUENE 

rt'+P-niENE 

O-IYLENE 

OTHER AROMATIC COHPD'UiNDS 

STYRENE 



#5 



TR 



Trip 
Blank 



Lib 
Blink 



ftup 
IdiQiri. 

" IS 



TR 



3,3 3.5 



4.4 



6.1 



tduplicatis) 
Ingiri. Trijp 
II 11 ant 



!R TR 



7.2 



II 



m 



HDL = HETHDI DETECnON UNITS 



OTHER, AROMTIC CQ:M:FQyraS = Total concintfation ui triaithylbenzeflis 

usinf tihii riiponsE factor of •tiitylint. 



CONCENITRATIO'N OF NAPHTHALENE ANO' B£MIO(AJf'!R£lNiE IN MATER SAMPLES 

uqJl 



SA- 



Trip Blank 
Ofc^lSarnu I! 
Qus{ Si' 12 
Qt*i3 Urnii 13 
QLO^'QaP Sa s 15 
,0w3 Infirioli II 
ow4 :r..= Jll 12 
■Oyj"iA, Lnfirfoll 13 
uj 1 If^y- all t* 
&^AtT lam sell 13 
Oul^aaiP In... .oil 16 
Lab II wk 

DtLictiin Liiiits 

ouji'^ Sirnii 14 

,Pfi 'tion Liiits 





SanzaU.i 


N'aonihaltai 


Pyrine 


TR 


- 


0,1 


^ 


0.1 


* 


100 


L2 


4g . 


1.3 


30 


- 


* 112 


«H 


t 2 


* 


0.05 


m 


e.l 


m 


37 


* 


0,05 


- 


l»« ' 


0,05 


Hi 


i|* 


i 


1 



SuiToaati Standaro Peccvi'.. r!'< 



:0.4 


SO. 3 


63.6 '• 


51.5 


nj 


55..] 


S4,0 


42. S 


?2,6 


57.5 


77.3 


8:0.3 




S3.. 6 




52.3 


76.: 


55.6 


S,3 


7;. 3 


SO 


S2.2 


64,1 


£1.6 



II..S' 



36.4 



* s Dui to loy d.!-fii.ap:htliialfn.i extraction rscO'Very, thiess v.aiug5 are cilculitid rroi 
tie puTgiabiis analysis data. 
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m¥ NOXALABtJP 



TO: Cone St cga- fevers & As.soeiates Ltd. 
86 ^Ran.kin Street 
Waterloo, Ontario 
mv 1C2 

Attention: ,C^'. W. Smitli. 



L^')^ 



TEL.. (514) g36.i2l8. 63l.i83S 
TELEX; 05-822717 • (LYNJON) 
FAX: •(5141631-9814 



DATi: May 24, 1988. 



CLIENT 

ORDER *: 



REiPOiRT 



2299 

CC=3613 



RE: 



.M.alysis of Water for Pesticides - Project 2299 



Sir, 

Odb (1) wat^er' sanple, received April 28, 1988. ,. was analysea for 
PO .and orgai^chlorinat'ed, pesticides by ga,s diromatcgrapiiy with 
electron capture det^ection. He,sults .and detection limits are stown in 
the attached T^les. 

aTro,niatograms will be kept en file.. 

Sincerely,, .- 



B.E. ttowlei^B...SG.. 

ApprQ.ved ^ J.D.. FerMick,, Hi..D., P.'ai,ein,. 



,BEC/hl 
end.. 




All reports are the co..nfii!denliali property of clients. Puiblication .of statements, conclusions or iBxtracts regarding .Qur ra'ports is not pflTmrtted 
without our written approval. Any liability attached thereto. i$ imiited to. the fee charged, UnliBss .otherwise arranged samipies will be 
discarded 90 d.ays after receipt. 



tt-3613 



•fable I - Gbncentratioii of Or^giodilorinatrf .Pesticide, in, 'Wat^er (ug/L) 

Qpirpound 

Heptaclilor 
Aldrln 
p.p'-DDE 
Mi rex 
a-fflC 

,s-bh: 

.Lindane 

■5-ffl:C 

Hept,aciiior ^oxide 

Cis-Oilord.ane 

trans-Qilordane 

Q',p"-DDD 

0,p'-D.DT 

p,rP*-DDD 

p»p'-DOr 

tethoixychlor 

o-Endosulfan, 

Dieldrin 

Qidrin 

0-Bidolsufan, 

Qidrin Aldehyde 

aTdosulfan Sulf,at,e 

Toxaphene 



04^3 




#3 OBS. Well S.amia 


mh 


MD 


Q.0Q5 


MD 


0.005 


m 


0..TO5 


"m: 


0.005 


m 


0.05 


ND 


0.005 


ND 


0.005 


MD 


0.005 


m 


O.'OOS 


m 


o.oos 


ND 


0.005 


ND 


0.1005 


MD 


O.'OOS 


ND 


O.OO'S 


MD 


0.005 


ED 


0.005 


m • ' 


0.05 


MD 


0.CO5 


m 


0.OD5 


m 


0.05 


m 


0.005 


m 


0.05 


ED 


0.05 


m 


0.5 



TBM.B II - 'Gtocgi.trafciqi of 'P^ .in Vfater (pg/L) 



toitpound 

teoclor 1242 

Ar'oclor 1248: 

.Ar'oclor 1254 

.Ar'oclor 1260 



#3 OBS. fell Sa.mia 



f«L 



m 


0.05 


ED 


0.05 


ND 


0.02 


,ND 


0,02 



^^IQit 



beak 

analytical 

se:rvices 



report of analysis 



A division of Beak Consuiianis Limmed 



jq. Conestoga-RO'Vers S Associates 
651 Colby Dirlve 
Waterloo, Ontario' 
N2V 1C2 



Attentio^n: Ms.. D'sbra Hajes 



14 AoaC'US Road 
Brampton. Ontario 
Canada L6T 5B7 



Tsr !d'6!'458-4C-. 
Fax:i4-6!458-73C 



^m'd CR. 



Project No,.: 9S^'^^^^ 
Date Received: 88 .03.25 
Date Analyzed: 8'8. 04 , 15 
No. ol Samples: 12 (4128) 
Sampte Type: Groundwater 
Referenice: #2299 

Sarni a/I ngersGl 







i;^. 


"1/iy 


^.g,.. 


inn , 








QiitO'Si 


€i'tju4 


Qu^%-A 


OHjl 


BAS REF # 


'• 


T9665 


T9666 


T9667 


T9668 


T9669 


SAMPLE DESCRIPTION 


il 


#i 


#3 


#4 


#5 


PARAMETER 


UNIT 












TOC 


fflf/L 


1.571.5 


■3,5 


1.5 


1.5 


3.0 


O'CP Scan: 


mg/L 












Zinc 




0.11 


0.03/0.04 


0-04 


0.08 


<0.01 


Cadmium 




O.OiOOl 


<0,.0001 


<0,0001 


<0.0001 


<L). 000 1/<0. 0001 


Manganese 




0.59 


0.62/0.63 


1.68 


0.57 


<0.01 


Cobalt 




0,02 


0.01/0 ,01 


0,02 


0.02 


<0.01 


Copper 




0.020 


0.030/0.030 


0.065 


0.055 


<0.005 


Iron 




0.02 


<0.02/<0.02 


<0..02 


<0.02 


<0.02 


Lead 




<0,001 


<0«001 


<0,001 


<0,001 


0.C03/0.0U9 


Chromium 




0»01 


<0.01/<0.01 


0-01 


0.01 


<a.oi 


Nickel 




0.02 


<0.01/<0.01 


0.01 


0,01 


<0.01 


Beryll lum 




<0.01 


<0,01 


<0.01 


<0-01 


<0.01/<0.0i 


Molybdenum 




0,08 


0.03 


0.09 


0,07 


<0.01/<0.01 


Calcium 




130 


109 


167 


182 


0.20/0.20 


Vanadi urn 




0.015 


0,005 


0.015 


Q.015 


<0.0C5/<0.0C5 


Al uminuin 




0.20 


0.14 


0.18 


0.20 


<0.U2/<Q.C2 


Magnesium 




38 


13.2 


37 


34 


<0.05/<0,05 


Barium 




0,17 


0.05 


0.23 


0.20 


<0.01/<0.01 


Potassium 




17,1 


9.0 


15-8 


19.4 


<0.05/<0.05 


Stronti urn 




2.9 


0.50 


4.4 


2.1 


<0.01/<0.01 


Sodium 




100 


15.5 


240 


86 


<0.5/<0,5 



c 



A" 



.<L 



Ji^ 



Appfovied 



The resylls repQrt,Bd! have been obtajned' ui(ii2"T«g 
Siindarfl priociedures of laioo'aiO'ry analysis Vi/mie 
they are consiae'ed cor reel, tney are suoiecf to^ 
nofmal anailyiicai error BeaK .A-aJyucaJ Se'vcfs 
hereDy disclaims any arta' all i:a3.lity austoq trom 
incorfeci or linaccu'ate fes-irs .vnetner trom 
fTormal ana,lylcal error Of otnenivise 
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beak 

analytical 

sen/ices 



report of analysis 



A diviswn ol Beak Consyltarts Limited 



14 Abacus Road 
BrarTi'pton, Ontario 
Canada L6T 5B7 



Fax; i4.i6) 453-7303 



To: ConestO'§i-Rovers ^ Associates 
' 651 Colby Drive 
Waterloo', Ontario 
N2V rC2 



Attention: Ms. Diebra Hayes 



Project No.: 9599 Page 2 
Date Received: 88 ,.03. 25 
Date Analyzed: 88 . 04 , 1 5 
No, of Samples: 12 (4128) 
Sample Type : Groundwater 
Reference; #2299 

Sarniai/InigersO'l 1 







Xa^. 


S«j"'<^. 


5o.r/i, 


S&t'«^, 


&.rrt , 






at^^CQijuA 


ouj% 


.Owl 


o.uJ,3 


OUJ'S^ 


BAS REF # 




T9670 


T9671 


T9672 


T9673 


T9674 


SAMPLE DESCRIPTION 


#6 


#10 


#20 


#30 


#40 


PARAMETER 


UNIT 












IOC 


mg/L 


1.5 


2.5 


12.5/12.5 


18.5 


m 


DiCP Scan: 


mg/L 












Zinc 




0.10/0.10 


0.39 


0.11 


0.10 


0.06/0.05 


Cadmiumi 




0.0002 


0-0001 


0.0001 


<0.0Q01 


CO.OOOl 


Manganese 




0.60/U.60 


0.14 


0.21 


0.33 


0.31/0.31 


CO'balt 




0.02/0.02 


0.01 


0.0'2 


0.02 


0.02/0. 0'2 


Copper 




0. 020/0. Q20 


0.060 


0.020 


0.015 


0.0€5/0.005 


I ron 




0.02/0.02 


<0.02 


<0.02 


0.34 


0.24/0.24 


Lead 




<0.001 


0,001 


<0.001 


<0.001 


<0.001 


Chfomiuin. 




0.02/0.01 


0-01 


0.01 


0.01 


0.02/0.01 


iN'ickeli 




0.02/0.02 


0.01 


0.01 


<0.01 


<0.01/<0.01 


B^erjl 1 ium 




<0-01 


<0.01 


<Q.01 


<0.01 


<0.01/<0.01 


iMolybdenum 




0.07 


0.04 


0.04 


0.04 


0.05/0.06 


CaTcium 




187 


166 


174 


200 


200/230 


Vanadium 




0,015 


0.015 


D.015 


0.010 


0.015/0.015 


A1 um'i num 




0.20 


0.18 


0.18 


0.020 


0.22/0.22 


Magnesium 




39 


24 


30 


51 


67/67 


Barium 




0.17 


0.05 


0.07 


0.0^ 


o.os/o.ro 


Potass Ium 




17.5 


4.0 


5.7 


5.5 


9. 9/1 0.0 


Strontium 




2.9 


D.42 


0.77 


0.34 


0.72/0.71 


Sodium 




102 


11 


38 


12.5 


26/26 




Approved 



The results 'eooH'Sd' have Oeen ocia-i'ed ui-i i -^ 
Staricla,fd Dfocedures; of laoofaio^iry anaiysi.s V.^ e 
iiney are cons-ae'edi corfeci. iney a-'e SuCv^-c to 
.nofifnal analyiicai e'fof Bea^ A^a^i^ca! Se"...;ts 
nere&y di'sciaims any aid all i.abfiiy a'^s-"^: f-om 
•incoireci or maccu.'aie .res-Hs *neine' Ircuri 
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Sample Type: Groundwater 
iReference: #2299 

Sarnla/Tngersol 1 



BAS REF # 




SAHPLE DESCRIPTIOiN 




PARAMETER 


UNIT 


TOC 


mg/L 


D"CP Scan- 


mg/L 


Zi nc 




Cadmium ■ 




Manganese 




Cobalt 




Copper 




Iron 




Lead 




Chroimium 




Nickel 




B.eryll iura 




MO'lybdenum 




Calcium 




Vanadium 




Aluminum 




Hag nes iura 




Barium 




Potassium 




Strontiufn 




Sod Iura 





T9675 
#50 



19.0' 



T9676 
TRIP BLANK 



"tM^ 



<0.5 



o.n 


<0.01 


0.0001 


<0.0001 


0^.33 


<0.Q1 


0.02 


<0.0I 


0.015 


<0,005 


0.36 


<0.02 


O.O'Ol 


0.001 


0.01 


<0.01 


0.01 


<0.01 


<0.0l 


<Q.01 


0.04 


<0.01 


200 


<0.G5 


0.010 


<0.005 


0.20 


<0.02 


31 


<0.05 


0.04 


<0.01 


5.S 


<0.05 


0.34 


<0.01 


12.5 


<Li.5 



NOTE: Unless otherwise instructed samples will be retained for three weeks 
following completion of analysis. 



:. ,i-* 



Approved 



The fiesulis reponed have Deen acta.ied! lu i -ig 
standard procedures ol laaarargrY a'na'''ys s V,'-^ 'e 
iihey are considiefied correct mev are s-Citc" !0 
■normal analyiical error BeaK A-a'v:: a' Se'\ res 
'hereOy disclaims any and all f as : ;> S' i ng ''om 
incQifireel or inaccurate «es;-lts .-.'^er-e' Irgm 
noifmal ana,lytcal error ot o;ne'wi,se 
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Sarnia/Ingersol 1 







REFERENCE 












MATERIAL 


TRUE ' 


ANALYSED 


DATE 


PARAMETER 


UNITS 


D'ESCRIPtiO'N: 


VALUE 


VALUE 


ANALYSED 


TOC 


rng/L 


WP1284#3 


i.l 


6,8 


88.04,18 




mg/L 


WP12B4#4 


91.1 


94.4 


88.04. 18 


Zinc 


mg/L 


WP386 


0.100 


0.105 


88.04.0.6 


Cadrmum 


mg/L 


WS378#3 


0.0020 


0.0020/0.0019 


88.04,14 


Manganese 


mg/L 


WS37a#3 


O.IOO 


0.097 


88.04.14 


Cobalt 


mg/L 


WS378#3 


0.100 


0.096 


88.04.14 


Copper 


mg/L 


yS378#3 


0.100 


0.100 


88.04.14 


Iron 


mg/L 


WS378#3 


0.100 


0.101 


88.04.14 


Lead 


[iig/L 


WS378#3 


0-017 


0.017 


88.04.14 


Chromiumi 


mg/L 


WS378#3 


0.100 


Q.C9^ 


88.04.14 


Nickel 


mg/L 


■ WS378#3 


0.100 


0.C94 


88.04.14 


Beryl 1 ium 


mg/L 


WP386 


QAOd 


0.097 


88.04.07 


Molybaenm 


mg/L 


WP686 


5.0 


^.93/4.99 


88.04.07 


Calcium 


mg/L 


WP686 


5.0 


4.88/4.98 


88.04.07 


Vanadi uin 


mg/L 


WP386 


0.250 


0.244 


88.04.07 


Aluminum 


mg/L 


ICAP-J 


0.97 


1,06 


88.04.07 




mg/L 


WP38i 


o.soo 


0.532 


88.04.07 


Magnesium 


mg/L 


yP686 


0.5 


0.50/0.50 


88.04.07 


Barium 


mg/L 


I CAP-? 


0.97 


0.99 


88.04.07 




mg/L 


WP386 


5.0 


4.98/4.94 


88.04.07 


Potassium 


mg/L 


ICAP-7 


10.0 


10.9 


88.04.07 


Sodium 


mg/L 


ICAP.7 


0.86 


1 . 


88.04.07 




mg/L 


ypeae 


1*0 


1.2 


88.04.07 



Approv'ed 



Th€ results reported have oeen oota-^'ed. u:.'>-z^'-<Q 
siandafd procedures oC laDOfalcry a^alvS:S ','.*:"• tf 
iney afe coflS'idered cof 'SCt,, nev a'# s.-2ieC'! 10 
rormai arialyliical erroir Beak Anai-.* zai Se'v ess 
fitreby disclaims any an6 aii i a:D ■ " , a- ■ '-z '■•om 
iinncoffect at iiinaccu-:aie resuns >■.• i".e' t'Om 
.norrnal ana:Mical' error o^r Oi'^efwise 



